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Preface 
The present thesis is an effort to put on record our efforts to further the chemistry of Pyridines 
and pyrimidines through applications of MCR (Hantzch and Biginelli reactions). The central 
theme was the use of arylfuran-2-carbaldehydes.  Attempts were made to exhaustively use of 
a couple of substrates (Active methylene compounds) but rather to demonstrate the utility of 
these reactions by diversifying the reactants to demonstrate their feasibility for such reactions. 
This approach makes available diverse novel molecules which can act as scaffolds for 
building up further heterocycles by careful and appropriate modifications of the 
functionalities offered during these reactions. Thus a vast series of molecules be custom made 
in future for biological studies and their QSAR analyses.We had wished to duly characterize 
all the synthesized compounds by the usual physical, spectroscopic (NMR & MS) and their 
elemental analyses but unfortunately due to non availability of analytical services and 
financial constraints partially due to HEC’s revised policies it had not been possible in totto. 
However it was still strived to get the maximum analytical data for most of the new products. 
Where it was not feasible these compounds were characterized through their spectral data 
(NMR and/or Mass spectra through fragmentation patterns). These mass spectral 
fragmentational data were very helpful for the identification of a series of compounds.The 
dihyropyridines and dihydropyrimidones (and thiones) were aromatized by way of oxidation 
by DMSO, CaOCl and other means to provide fully aromatized pyridines and pyrimidines yet 
offering other molecules available for manipulation, another contribution to heterocyclic 
chemistry. The results of these efforts are presented in this thesis. 
Ansa Madeeha Zafar 
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Diverse 5-arylfuran-2-carbaldehydes were prepared and subsequently utilized in MCR 
reactions to obtain various derivatives of dihydropyridines utilizing Hantzsch method and 
then these dihydropyridines were aromatized by using DMSO, DMSO/HNO3 and CaOCl as 
oxidizing agents. 
A number of dihydropyrimidines derivatives were also prepared by using Biginelli reaction 
with these 5-arylfuran-2-carbaldehydes and these were also aromatized by using only CaOCl 
as oxidizing agent.  
For these syntheses a variety of “active methylenes” were used such as acetophenones, 
acetoacetanilides and even ethyl cyanoacetate in some cases. 
The characterization of the compounds was mostly carried out by using Mass, IR, 1H, 
13CNMR spectroscopy and by CHN microanalysis. 
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3.15.6.5 4-(5׳-(5׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-yl)-N-(4-
chlorophenyl)-6-methyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (209) 
252 
3.15.6.6 N-(4-chlorophenyl)-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-
yl)-6-methyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxamide: (210) 
254 
3.15.7 With Aceto o-chloroacetanilide 256 
3.15.7.1 N-(2-chlorophenyl)-6-methyl-4-(5׳-(4׳׳-nitrophenyl) furan-
2׳-yl)-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxamide: (211) 
256 
3.16 Aromatization 258 
3.16.1 4, 6-Diphenylpyrimidine-2(1H)-thione: (212) 258 
3.16.2 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-6-
phenylpyrimidine-2(1H)-thione: (213) 
259 
3.16.3 1-(6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2-thioxo-1, 
2-dihydropyrimidin-5-yl) ethanone: (214) 
261 
3.16.4 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-6-methyl-N-
phenyl-2-thioxo-1, 2-dihydropyrimidine-5-carboxamide: 
(215) 
262 
3.16.5 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-6-methyl-N-
phenyl-2-thioxo-1, 2-dihydropyrimidine-5-carboxamide: 
264 
xl 
 
(216) 
3.16.6 N-(2-chlorophenyl)-6-methyl-4-(5׳-(4׳׳-nitrophenyl)furan-
2׳-yl)-2-thioxo-1, 2-dihydropyrimidine-5-carboxamide : 
(217) 
265 
3.17 Amino Acids Catalyzed Biginelli Protocols 267 
3.17.1 Ethyl 6-methyl-2-oxo-4-phenyl-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxylate: (218) 
267 
3.17.1.1 With Glycine 267 
3.17.1.2 With Hippuric acid 267 
3.17.1.3 With Glutamic acid 268 
3.17.1.4 With L. leucine 268 
3.17.1.5 With Tryptophan 268 
3.17.1.6 With Histidine 268 
3.17.2 Ethyl 6-methyl-4-phenyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate: (219) 
268 
3.17.2.1 With Glycine 269 
3.17.2.2 With Hippuric acid 269 
3.17.2.3 With Glutamic acid 269 
3.17.2.4 With L. leucine 269 
3.17.2.5 With Tryptophan 269 
3.17.2.6 With Histidine 269 
Chapter 4 RESULT AND DISCUSSION 270 
4.1 Hantzch Reaction 271 
4.1.1 With Ethyl aceto acetate: 271 
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4.1.1.1 Diethyl 2, 6-dimethyl-4-(3׳-nitrophenyl)-1, 4-
dihydropyridine-3, 5-dicarboxylate: (110) 
272 
4.1.1.2 Diethyl 2, 6-dimethyl-4-(5׳-(4׳׳-nitro phenyl) furan-2׳-yl)-1, 
4 dihydropyridine -3, 5-dicarboxylate: (111) 
273 
4.1.1.3 Diethyl-2, 6-dimethyl 4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-
2׳-yl)-1, 4-dihydropyridine -3- carboxylate: (112) 
275 
4.1.1.4 Diethyl-2, 6-dimethyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) 
furan-2׳-yl) 1, 4-dihydropyridine-3-carboxylate: (113) 
276 
4.1.1.5 Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2-yl) -1, 
4-dihydropyridine-3-carboxylate: (114) 
277 
4.1.1.6 Diethyl-2, 6-dimethyl 4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-
2-yl) 1, 4-dihydropyridine-3-carboxylate: (115) 
277 
4.1.1.7 Diethyl-2, 6-dimethyl- 4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) 
furan-2-yl) -1, 4-dihydropyridine-3-carboxylate: (116) 
278 
4.1.1.8 Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-chloro-5׳׳--nitro phenyl) 
furan-2׳-yl)-1, 4-dihydropyridine-3, 5-dicarboxylate: (117) 
279 
4.1.1.9 Ethyl 4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-
dimethyl-5-(propionyloxy)-1, 4-dihydropyridine-3-
carboxylate: (118) 
280 
4.1.1.10 Diethyl 2, 6-dimethyl-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-
2׳-yl)-1, 4-dihydropyridine-3, 5-dicarboxylate: (119) 
280 
4.1.1.11 Diethyl 2, 6-dimethyl-4-(5׳-(3׳׳-nitrophenyl) furan-2-yl)-1, 
4-dihydropyridine-3, 5-dicarboxylate: (120) 
281 
4.1.1.12 Diethyl 4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-
1, 4-dihydropyridine-3, 5-dicarboxylate: (121) 
282 
4.1.2 With Ethyl benzoyl acetate 282 
4.1.2.1 Synthesis of diethyl 4-(3׳-nitrophenyl)-2, 6-diphenyl-1, 4-
dihydropyridine-3, 5-dicarboxylate: (122) 
282 
4.1.2.2 Diethyl 4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-
diphenyl-1, 4-dihydropyridine-3, 5-dicarboxylate: (123) 
283 
4.1.2.3 Diethyl 4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-
diphenyl-1, 4-dihydropyridine-3, 5-dicarboxylate: (124) 
285 
4.1.2.4 Diethyl 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-2, 6-diphenyl- 285 
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1, 4-dihydropyridine-3, 5-dicarboxylate: (125) 
4.1.2.5 Diethyl 4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 
4-dihydropyridine-3, 5-dicarboxylate: (126) 
286 
4.1.3 With Acetyl acetone 287 
4.1.3.1 3, 5-diacetyl-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-
dimethyl-1, 4-dihydropyridine: (127) 
287 
4.1.3.2 3, 5-diacetyl-4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2׳-yl)-
2, 6-dimethyl-1, 4-dihydropyridine: (128) 
289 
4.1.3.3 3, 5-diacetyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-
2, 6-dimethyl-1, 4-dihydropyridine: (129) 
290 
4.1.3.4 3, 5-diacetyl-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-
dimethyl-1, 4-dihydropyridine: (130) 
290 
4.1.3.5 3, 5-diacetyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
dimethyl-1, 4-dihydropyridine: (131) 
291 
4.1.3.6 3, 5-diacetyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
dimethyl-1, 4-dihydropyridine: (132) 
292 
4.1.4 With Acetoacetanilides 293 
4.1.4.1 2, 6-dimethyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-N3, N5-
diphenyl-1, 4-dihydropyridine-3, 5-dicarboxamide: (133) 
293 
4.1.4.2 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-2, 6-dimethyl-N3, N5-
diphenyl-1, 4-dihydropyridine-3, 5-dicarboxamide: (134) 
294 
4.1.5 With N-(4-chlorophenyl)-3-oxobutanamide 296 
4.1.5.1 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) 
furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine-3, 5-
dicarboxamide: (135) 
296 
4.1.5.2 N3, N5-bis (4-chlorophenyl)-4-(5׳-(4׳׳-chlorophenyl) 
furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine-3, 5-
dicarboxamide: (136) 
298 
4.1.5.3 N3, N5-bis (4-chlorophenyl)-2, 6-dimethyl-4-(5׳-(2׳׳-
nitrophenyl) furan-2׳-yl)-1, 4-dihydropyridine-3, 5-
dicarboxamide: (137) 
299 
4.1.5.4 N3, N5-bis (4-chlorophenyl)-4-(5׳-(5׳׳-chloro-2׳׳-
nitrophenyl) furan-2׳-yl)- -2, 6-dimethyl-1, 4-
299 
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dihydropyridine-3, 5-dicarboxamide: (138) 
4.1.5.5 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳-chloro-4׳׳-
nitrophenyl) furan-2׳-yl)- 2, 6-dimethyl-1, 4-
dihydropyridine-3, 5-dicarboxamide: (139) 
300 
4.1.6 With N-(2-chlorophenyl)-3-oxobutanamide 301 
4.1.6.1 N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) 
furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine-3, 5-
dicarboxamide: (140) 
301 
4.1.6.2 N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) 
furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine-3, 5-
dicarboxamide: (141) 
303 
4.1.6.3 N3, N5-bis (2-chlorophenyl)-2, 6-dimethyl-4-(5׳-(2׳׳-
nitrophenyl) furan-2׳-yl)-1, 4-dihydropyridine-3, 5-
dicarboxamide: (142) 
304 
4.1.6.4 N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳-chloro-4׳׳-
nitrophenyl) furan-2׳-yl) - 2, 6-dimethyl-1, 4-
dihydropyridine-3, 5-dicarboxamide: (143) 
304 
4.1.6.5 N3, N5-bis (2-chlorophenyl)-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) 
furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine-3, 5-
dicarboxamide: (144) 
305 
4.1.7 With Acetophenone and malononitrile 305 
4.1.7.1 2-Amino-3-cyano-4, 6-diphenyl-1, 4-dihydropyridine: (145) 305 
4.1.8 With Acetylacetone and malononitrile 307 
4.1.8.1 5-Acetyl-2-Amino-3-cyano-6-methyl-4-phenyl-1, 4-
dihydropyridine: (146) 
307 
4.1.9 IR Spectra 320 
4.1.10 1HNMR 321 
4.1.11 13CNMR 321 
4.1.12 Mass Spectra 321 
4.1.13 Mechanism 321 
4.2 Aromatization of dihydropyridines 324 
4.2.1 Diethyl 4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6 325 
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diphenylpyridine-3, 5-dicarboxylate: (147) 
4.2.2 Diethyl 4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
diphenylpyridine-3, 5-dicarboxylate: (148) 
327 
4.2.3 Diethyl 4-(3׳-nitrophenyl)-2, 6-diphenylpyridine-3, 5-
dicarboxylate: (149) 
328 
4.2.4 Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl) 
pyridine-3, 5-dicarboxylate: (150) 
328 
4.2.5 4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
diphenylpyridine: (151) 
329 
4.2.6 Diethyl 4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-
dimethylpyridine-3 5-dicarboxylate: (152) 
330 
4.2.7 3, 5-diacetyl-4-(5׳-(2׳׳-chloro-5׳׳-nitrophenyl) furan-2׳-yl)-
2, 6-dimethylpyridine (153) 
330 
4.2.8 Diphenyl 4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2׳-yl)-2, 
6-dimethylpyridine-3, 5-dicarboxylate: (154) 
333 
4.2.9 Diethyl 4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-
diphenylpyridine-3, 5-dicarboxylate: (155) 
334 
  4.2.10 Diethyl 4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
diphenylpyridine-3, 5-dicarboxylate: (156) 
335 
4.2.11 2, 6-dimethyl-4-(5׳-(3׳׳-nitrophenyl) furan-2׳-yl)-N3, N5-
diphenylpyridine-3, 5-dicarboxamide: (157) 
335 
4.2.12 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳׳-yl)-N3, N5-
diphenylpyridine-3, 5-dicarboxamide: (158) 
336 
4.2.13 N3, N5-diphenylpyridine-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-
yl)-2, 6-dimethyl- 3, 5-dicarboxamide: (159) 
338 
4.2.14 N3, N5-diphenylpyridine-4--(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) 
furan-2׳-yl)-2, 6-dimethyl- 3, 5-dicarboxamide: (160) 
339 
4.2.15 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) 
furan-2׳-yl)-2, 6-dimethylpyridine-3, 5-dicarboxamide: 
(161) 
340 
4.2.16 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳-chloro-4׳׳-nitro 
phenyl) furan-2׳-yl)- 2, 6-dimethylpyridine-3, 5-
dicarboxamide: (162) 
340 
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4.2.17 4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-N3, N5-
diphenylpyridine-3, 5-dicarboxamide: (163) 
341 
4.2.18 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-2, 6-dimethyl-N3, N5-
diphenylpyridine- 3, 5-dicarboxamide: (164) 
342 
4.2.19 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-N3, N5-bis (4-
chlorophenyl)-2, 6-dimethylpyridine-3, 5-dicarboxamide: 
(165) 
342 
4.2.20 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳-chloro-4׳׳-
nitrophenyl) furan-2-yl)- 2, 6-dimethylpyridine-3, 5-
dicarboxamide: (166) 
343 
  4.2.21 N3, N5-bis (2-chlorophenyl)-4-(5׳-(4׳׳-chloro, 2׳׳-
nitrophenyl) furan-2׳-yl)-2, 6-dimethylpyridine-3, 5-
dicarboxamide: (167) 
344 
4.2.22 N3, N5-bis (4-chlorophenyl)-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) 
furan-2`-yl)-2, 6-dimethylpyridine-3, 5-dicarboxamide: 
(168) 
344 
4.2.23 N3, N5-bis (2-chlorophenyl)-4-(5׳-(5׳׳-chloro-2׳׳-
nitrophenyl) furan-2׳-yl) - 2, 6-dimethylpyridine-3, 5-
dicarboxamide: (169) 
345 
4.2.24 1HNMR 352 
4.2.25 13CNMR 352 
4.2.26 Mass Spectra 353 
4.2.27 Mechanism 353 
4.3 Biginelli reaction 354 
4.3.1 With Ethyl benzoyl acetate 355 
4.3.1.1 Ethyl-2-oxo-4, 6-diphenyl-1, 2, 3, 4-tetrahydropyrimidine-
5-carboxylate: (170) 
355 
4.3.2 With Acetyl acetone 355 
4.3.2.1 5-Acetyl-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-6-
methylpyrimidin-2(1H)-one: (171) 
355 
4.3.2.2 Acetyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl)furan-2׳-yl)-6-
methyl-3,4-dihydropyrimidin-2(1H)-one: (172) 
357 
4.3.3 With Acetoacetanilide 358 
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4.3.3.1 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-
N-phenyl-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: 
(173) 
358 
4.3.3.2 4-(5׳-(2׳׳, 3׳׳-Dichlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-
N-phenyl-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: 
(174) 
359 
4.3.4 With N-(4-chlorophenyl)-3-oxobutanamide 360 
4.3.4.1 N-(4-Chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-
2׳-yl)-6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxamide: (175) 
360 
4.3.4.2 N-(4-Chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-
2׳-yl)-6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxamide: (176) 
363 
4.3.4.3 N-(4-Chlorophenyl)-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-
2׳-yl)-6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxamide: (177) 
364 
4.3.4.4 4-(5׳-(4׳׳-Bromophenyl) furan-2׳-yl)-N-(4-chlorophenyl)-
6-methyl-2-oxo-1, 2, 3 4-tetrahydropyrimidine-5-
carboxamide: (178) 
364 
4.3.4.5 4-(5׳-(5׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-yl)-N-(4-
chlorophenyl)-6-methyl-2-oxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (179) 
365 
4.3.4.6 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-N-(4-
chlorophenyl)-6-methyl-2-oxo-1, 2-dihydropyrimidine-5-
carboxamide: (180) 
366 
4.3.4.7 N-(4-Chlorophenyl)-4-(5׳-(3׳׳,4׳׳-dichlorophenyl) furan-2׳-
yl)-6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxamide: (181) 
366 
4.3.5 N-(2-chlorophenyl)-3-oxobutanamide 367 
4.3.5.1 N-(2-Chlorophenyl)-4-(5׳-(2׳׳,5׳׳-dichlorophenyl) furan-2׳-
yl)-6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxamide: (182) 
367 
4.3.5.2 N-(2-Chlorophenyl)-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-
6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxamide: (183) 
369 
4.3.5.3 4-(5׳-(4׳׳-Bromophenyl) furan-2׳-yl)-N-(2-chlorophenyl)- 369 
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6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxamide: (184) 
4.3.5.4 4-(5׳-(5׳׳-Chloro-2׳׳-nitrophenyl)furan-2׳-yl)-N-(2-
chlorophenyl)-6-methyl-2-oxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (185) 
370 
4.3.5.5 4-(5׳-(4׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-yl)-N-(2-
chlorophenyl)-6-methyl-2-oxo-1, 2-dihydropyrimidine-5-
carboxamide: (186) 
371 
4.3.6 1HNMR 378 
4.3.7 13CNMR 378 
4.3.8 Mechanism 378 
4.3.8.1 In case of ethyl benzoylacetate 379 
4.3.8.2 In case of acetyl acetone 381 
4.3.8.3 In case of Acetoacetanilide 382 
4.4 Aromatization  383 
4.4.1 5-Acetyl-6-methyl-4-phenylpyrimidin-2(1H)-one: (187) 384 
4.4.2 5-Acetyl-6-methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl) 
pyrimidin-2(1H)-one: (188) 
385 
4.4.3 5-Acetyl-4-(5׳-(2׳׳-chloro-5׳׳-nitro phenyl) furan-2׳-yl)-6-
methyl pyrimidin-2(1H)-one: (189) 
386 
4.4.4 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-5, 6-
dimethylpyrimidin-2(1H)-one: (190) 
386 
4.4.5 6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2-oxo-N-
phenyl-1, 2-dihydropyrimidine-5-carboxamide: (191) 
389 
4.4.6 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-6-methyl-2-
oxo-N-phenyl-1, 2-dihydropyrimidine-5-carboxamide: 
(192) 
390 
4.4.7 4-(5׳-(4׳׳-Chlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-N-
phenyl-1, 2-dihydropyrimidine-5-carboxamide: (193) 
392 
4.4.8 1HNMR 395 
4.4.9 13CNMR 395 
xlviii 
 
4.4.10 Mass Spectra 396 
4.4.11 Mechanism 396 
4.5 3, 4-dihydropyrimidin-2(1H)-thiones 397 
4.5.1 With Acetylacetone 397 
4.5.1.1 1-(6-methyl-4-phenyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidin-5-yl)ethanone: (194) 
397 
4.5.1.2 1-(4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl)furan-2׳-yl)-6-methyl-
2-thioxo-1, 2, 3, 4-tetrahydropyrimidin-5-yl)ethanone: 
(195) 
399 
4.5.2 With Ethyl benzoylacetate 399 
4.5.2.1 Ethyl 4, 6-diphenyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxylate: (196) 
399 
4.5.2.2 Phenyl 4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2-yl)-6-
ethyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxylate: (197) 
401 
4.5.3 With Acetophenone 402 
4.5.3.1 4-(5׳-(2׳׳-Nitrophenyl) furan-2׳-yl)-6-phenyl-3, 4-
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INTRODUCTION: 
Multicomponent reactions (MCR-s) have recently emerged as a very important tool for the 
synthesis of structurally diverse chemical libraries of drug-like heterocyclic compounds 1.  In 
1850 strecker reaction was published. Biginelli, Mannich, Passerini and Ugi reactions were 
discovered afterwards. Hantzsch synthesis was reported in 1882, followed by the Biginelli 3CR 
in1893, Passerini reaction in 1921, and Ugi reaction was discovered in 19592. 
Besides the usual multistep syntheses, an increasing number of organic chemical compounds are 
formed by multicomponent reactions that convert more than two adducts directly into their 
products by one-pot reactions. In contrast to the multistep syntheses, the MCRs need minimal 
work, often give quantitative yields 3. 
MCRs have an interesting aspect of resistance for catalysts for example there is a gap of almost 
one century between the discovery of Hantzsch and Biginelli reactions and their catalysts 4. 
Efficiency is also being pursued by the implementation of MCRs. These reactions involve the 
one pot reaction of three or more reactants into a single product that have the participation of all 
the reacting molecules. MCRs are the powerful tools in the advanced drug discovery process, 
and allow the fast and automated synthesis of organic compounds. The pharmaceutical industries 
focused on diversity oriented and combinatorial libraries. So the MCRs are considered very 
important for academic research in applied sciences 5.  
The brief description of some of the multicomponent reactions is as follows:  
3 
 
1.1 Strecker reaction: 
The three component reaction between an amine, aldehyde or ketone and cyanide compound 
either hydrogen cyanide or alkaline metal cyanide to give an α-amino nitrile is termed as 
Strecker reaction. 
This reaction is considered as the first multicomponent reaction published ever. It was 
discovered in 1850 and has a significant importance in life sciences as this reaction is an indirect 
route towards the synthesis of amino acids (Scheme 1) 6.  
 
R1 R2
O
R3
NH2
HCN+ +
R1 NH R
3
CNR2
+ H2O
R1
C
R2
COOH
HN R3
Scheme 1
 
An efficient catalyst, Bismuth trichloride,  is being used for the synthesis of α-aminonitriles (1) 
(Scheme 2), 
RCHO + R1NH2 TMSCN+
BiCl3
CH3CN R CN
NHR1
(81-91%)R= Aryl, Alkyl
R1 = Ph, PhCh2, morpholine, 
       pyrrolidine,furfuryl, 
       3-methoxybenzyl
1
Scheme 2
 
 
This method is applicable to both primary and secondary amines, aromatic, aliphatic, and 
heterocyclic aldehydes, but not to ketones. 
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The advantage of this catalyst is that it is inexpensive and relatively non-toxic. 1 can also be 
prepared by using praseodymium trifluoromethylsulfonate as an efficient and recyclable catalyst 
in about 74-91% yield. Other catalysts that can be efficiently used for the purpose are:  
vanadyl triflate, indium(III) chloride, KSF-clay, praseodymium triflate, magnesium bromide 
ethyl etherate and lithium per chlorate. 
The uncatalyzed strecker reaction has also been reported, reaction between ketones, aromatic 
amines and trimethylsilyl cyanide(TMSCN) under high pressure to synthesize α-aminonitrile in a 
very good yield 7. 
1.2 The Ugi reaction: 
The four-component condensation between an amine, aldehyde or ketone and a nucleophile such 
as a carboxylic acid etc result into the formation of an α-acylaminoamide, is called as the Ugi 
reaction (Scheme 3) 8. 
R H
O
+
R
NH2 +
C
N R
R
N
R
R H
N R
O
O+RCOOH
Scheme 3
 
           Like all other multicomponent reactions Ugi four component reaction also has its scope 
and limitations, this is illustrated by 2 (Scheme 4) the sterically hindered molecule that can only 
be formed by Ugi reaction and cannot be prepared by any other method. 
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One of the examples of Ugi reaction is the synthesis of HIV protease inhibitor Crixivan 3 
(Scheme 5)which was tried by The Merck Research Laboratory but they could not synthesize it, 
however it became available when the essential step of the Ugi four component reaction was 
tried. 
 
ClCl
HO
+ HCOOH +
NHBoc
NH2
+ t-Bu NC
N
N
N
H
N
O
OH Ph
ON
Ht-Bu HO3
Scheme 5
 
Ionic liquid (bmim) BF4 and ([Hmim]TFA) 9 are used as catalyst and solvent in Ugi four 
component reaction, it results in high yield and good purity of the product 10. Cu (OTf)2, and 
Zn(OTf)2, are also used as catalyst in Ugi reaction.  
One of the most important features of the Ugi reaction is the tandem reaction. The only 
limitation of this reaction is the increasing number of reactants, as described by the homo Ugi or 
Ugi-eight component reaction (Scheme 6) 11. 
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Such types of tandem reactions have made Ugi reaction a powerful synthetic tool in heterocyclic 
chemistry 12. 
1.3 Mannich reaction: 
The Mannich reaction is one of the most basic and useful methods for the synthesis of β-amino 
carbonyl compounds and as it is very useful pharmaceutically and also very important in the total 
synthesis of natural products. The conventional Mannich reaction is as under (Scheme 7) 13: 
 
NH
R
R
+
C
H
H O
+ CH
R
R R
O -H2O
N
R
R
R
R
O
R
Scheme 7
 
 
The classic Mannich reaction involves the catalysts mainly organic and mineral acids like proline 
acetic acid, p-dodecylbenzenesulfonic acid and some Lewis acids. Their main disadvantage is the 
long reaction time, harsh reaction conditions, toxicity and environmental hazards. Also their 
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work up procedures are difficult so an efficient and eco- friendly protocol for synthesis of β 
amino carbonyl compounds using a novel multi-SO3H functionalized halogen-free ionic liquid 
[C3SO3Hnhm] HSO4 (4, Scheme 8).The reactions proceeded efficiently under mild conditions 
and the purification of the product was very easy. The results showed that the catalyst had a wide 
range of application for different substrates and products could be obtained in excellent yields14. 
N
O
H SO3H HSO4-
+
[C3SO3Hnhm] HSO4 ionic liquid
4
 
CHO
R1
NH2
R2
O
O
++ or
[C3SO3Hnhm] HSO4
C2H5OH /r.t
O
N
H
R1
R2
or
O
N
H
R1
R2
Scheme 8
 
Heteropoly acids 15, sodium tetrakis(3,5-trifluoromethyl-phenyl)borate 16, Silzic (ZnCl2/SiO2)17, 
dihydroxyacetone (DHA) 18, sultone-based ionic liquids 19, Bismuth triflate Bi(OTf)3-4H2O 20, 
MgO/ZrO2 21, and HBF4-SiO2 22 have also been used in Mannich reaction. 
1.4 Passerini Reaction: 
Passerini three component reactions is one of the most characterized and widely known 
isocyanide based multicomponent reaction. This reaction involves a chemical reaction between 
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an isocyanide, a carboxylic acid and a carbonylic compound (either an aldehyde or a ketone), 
resulting in the synthesise of an α- acyloxycarboxamide. The reaction was discovered in 1921 by 
Passerini (Scheme 9) 23. 
R1NC + R2CHO R3COOH+
R3 O
O R2 H
N
O
R1
Scheme 9
 
It is a simple one pot reaction that gives high yield and has 100% atom economy, so it can be 
said that it is an ideal reaction. The drawback of this reaction is associated with its purification of 
product and low reaction yield when aromatic aldehydes are used. Several solutions for these 
problems have been established: use of water as solvent, use of high pressure, and sometimes use 
of metal catalysts. All these procedures make the purification easier to some extent 24. 
Passerini three component reaction is extensively used in medicinal and synthetic chemistry. For 
instance, it is widely used in the total synthesis of natural products. Generally the passerine 
reaction was carried out in volatile organic solvents such as dichloromethane and the reaction 
time is 12hour to several days. So the development of a more efficient and eco friendly method 
was highly needed. So a recyclable solvent i-e 1-butyl- 3-methylimidazolium tetrafluoroborate 
([bmim][BF4]) was used for the promotion of  green organic synthesis
25
. 
In recent years, nanoparticles have attracted much more attention in chemistry due to their 
improved efficiency under mild and eco-friendly conditions. Due to their surprisingly large and 
highly reactive surface area, nanoparticles have potential to show better catalytic activity as 
compared to their bulk counterparts. Recently a synthesis of α-aryloxy amide derivative is 
established via Passerini reaction in the presence of silica nanoparticles in excellent yield 
(Scheme 10)26. 
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Scheme 10
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As far as the catalysts are concerned that have been used in this reaction, these include lithium 
bromide 27, Titanium chloride 28, TFA 29, bmim[BF4]25. 
1.5 Biginelli reaction: 
The classical Biginelli reaction is the reaction of an aldehyde, an active methylene compound 
and urea or thiourea in ethanol as solvent under acidic conditions for the synthesis of 
dihydropyrimidine derivatives (Scheme 11) 
Scheme 11
Me
O
EtO2C
H2N NH2
O
H O
Ph
H, EtOH
heat
N
H
NH
Ph
OMe
EtO2C
 
Dihydropyrimidinones (DHPMs) are very important biologically and pharmacologically, they 
show antibacterial antiviral, antitumor, anti-inflammatory activities and are calcium channel 
blockers, antihypertensive, , α -1a antagonists  and neuropeptide Y(NPY) antagonistic agents 30. 
Many of the natural products containing pyrimidine ring exhibit a wide range of pharmacological 
activities, for example the batzelladine alkaloids containing 3,4-dihydropyrimidine-2(1H)-one 
(DHPM) isolated from marine sources were found to inhibit the binding of HIV envelope protein 
gp-120 to human CD4 cells 31. 
The drawback of the Biginelli reaction is low yield especially in the case of aliphatic and 
substituted aromatic aldehydes. Inspite of all this Biginelli reaction attracted the attention of 
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scientists who are seeking for a milder and an efficient procedure for the synthesis of 
dihydropyrimidinones30. 
Several synthetic procedures have been reported for dihydropyrimidinones including microwave 
irradiation and by using promoters such as HCl 32, BF3•OEt2 33, KSF clay, InCl3 34, LaCl3 35, 
lanthanide triflate 36, H2SO4 37,  ceric ammonium nitrate (CAN) 38,  Mn(OAc)3 39,  Ion-exchange 
resin40 1-n-butyl-3-methyl imidazolium tetrafluoroborate41, BiCl3, LiClO4, InBr3, FeCl3, ZrCl4, Cu 
(OTf)
 2
42
, Bi(OTf)3, LiBr, ytterbium triflates, NH4Cl, SiO2/NaHSO4 and CdCl3are very efficient 
in this regard30. SnCl2.2H2O can efficiently be used to improve the Biginelli reaction, this 
reaction has been carried out in acetonitrile or ethanol as solvent in neutral media and it gave a 
better yield as compared to those with FeCl3.6H2O, NiCl2.6H2O and CoCl2.6H2O in acidic 
media43. 
Yttria-zirconia–based Lewis acid in acetonitrile as solvent can also be used for the Biginelli 
condensation giving excellent results44. 
A modified Biginelli cyclocondensation reaction has been carried out in the presence of etidronic 
acid (5) as catalyst. It is 1-hydroxyethylidene bisphosphonic acid, also called as biphosphonate. 
It is different from polyphosphoric acid and polyphosphoric ester as in etridonic acid the two 
phosphonate groups are attached to a single carbon atom. Synthesis of 5-carboxanilide-
dihydropyrimidinones (Scheme 12) is an example of such reactions45. 
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Replacement of classic, poisonous, and polluting acid catalysts including both Lewis and 
Bronsted acid catalysts with environment friendly reusable heterogeneous catalyst like zeoloites, 
clays, and ion exchange resins is an area of interest for scientists now-a-days. 
As far as Biginelli reaction is concerned different ion exchange resins have been tried for the 
synthesis of dihydropyrimidine derivatives. Indion-130 proved to be the best in this regard. 
Indion-130 gave 94%, Amberlyst-15 gave 92.5% and Nafion-H gave 85% yield in Biginelli 
reaction. Hence in this way an efficient eco-friendly and improved method has been evolved, 
giving excellent yield. Its easy work up procedure has made it greener and environmentally 
benign46. 
Another very interesting study of applications of Biginelli reaction has been done by 
synthesizing dihydropyrimidinone (thione) derivative by using very different precursors and 
catalysts such as 5,5-dimethyl-1,3-cyclohexanedione as active methylene compound and 1-butyl-
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3-methylimidazolium bromide [bmim]Br as ionic liquid and silica sulphuric acid [SSA] 
(catalysts) (Scheme 13). 
Scheme 13
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The advantages of this procedure are good yield, low cost, safety, easy to handle and 
environmental effect47. 
Benzaldehydes can be used as common intermediates for post-condensation modifications such 
as cycloaddition, Liebeskind–Srogl reaction and Suzuki coupling to form biaryl-substituted 
dihydropyrimidinone, dihydropyrimidine, and thiazolopyrimidine compounds (.Scheme 14). 
This is a very useful application of dihydropyrimidine derivatives as the product obtained after 
post-condensation modifications are biologically very active. 
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Chlorosulfonic acid (ClSO3H) has also been proved to be an excellent catalyst for the synthesis 
of dihydropyrimidinones. It gives excellent yield i-e 82-94% in short time i-e 2.5-5.5hours48. 
The greener and efficient procedures for Biginelli reaction has been developed such as by using 
silica-supported P2O5 at 850C49, Yttrium (III) acetate hydrate50, Zeolite51, and 
Chloromethylsilane in DMF as solvent. All these catalysts are more efficient than classical 
Biginelli reaction conditions52.  
Biginelli reaction is used in the synthesis of structurally diverse alkaloids. 
Such as (6)53: 
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Synthesis of cis- or trans-1-Oxo- and 1-Iminohexahydropyrrolo [1,2-c]pyrimidines (7)54: 
N
H
N
H
R1
H
X
O
O
R3
R2
syn
N
H
N
H
R1
X
O
O
R3
R2
H
Anti
7
 
The Biginelli reaction is involved in the total synthesis of (8), a highly potent Neurotoxin: 
Saxotoxin55 
N
NH
H
N
N
H
O NH2
O
NH2
H
H2N
HO OH
Saxitoxin8  
 
1.6 The Hantzsch reaction 
The Hantzsch reaction, which incorporates two dicarbonyl compounds, an amine and an 
aldehyde into a dihydropyridine (DHP) (Scheme 15), has been used extensively in many 
settings56. 
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Scheme 15
H
O
+
OO
O2 + NH4OAc
N
H
C6H5
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O
EtO
O
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Hantzsch reaction was first reported in 1882, and it was the one pot condensation of two 
molecules of ethylacetoacetate, aromatic aldehyde and ammonia. The conventional Hantzsch 
reaction does not need any accelerator or reagent to boost up its reactivity as it was originally 
done either in acetic acid or in refluxing ethanol. The great biological importance of 1,4-
dihydropyridine attracted the attention of scientists towards itself, and a number of new and 
improved methods including catalyst, reagents and solvents variation have been introduced to 
increase the yield and to reduce the reaction time57. 
In a typical experimental procedure (Scheme 16), a mixture of dimedone (3 mmol), 
benzaldehyde (3 mmol), ethyl acetoacetate (3 mmol) and ammonium acetate (6 mmol) in ethanol 
was refluxed in the presence of L-proline (10 mol %) for 6 hrs. polyhydroquiniline is obtained in 
about 92% yield. 
 
Scheme 16
CHO
+
O
O
+
O
O
O
+ NH4OAc
L-proline (cat)
Ethanol, reflux N
H
O
O
O
 
The advantages of this catalyst are high yield, operational simplicity, minimum environmental 
effect and easy work up procedure57. 
Another simple one pot procedure of Hantzsch synthesis is through iodine catalyst synthesis. 
This procedure gives an excellent yield in short time at ambient temperature58. Bromo Dimethyl 
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Sulfonium Bromide also proved to be an efficient catalyst in Hantzsch synthesis of 
dihydropyridines59. 
An interesting case is studied for the synthesis of 4-phenyl-1, 4-dihydropyridine derivative 
catalyzed by acid and in deuterium exchange methanol via Hantzsch reaction. These 
dihydropyridine derivatives have very much biological potential60. 
Lithium Bromide is found to be an easily available, cheap and efficient catalyst for Hantzsch 1, 
4-dihydropyridine synthesis in acetonitrile as solvent. The advantage of this solvent is that it is 
applicable to a wide range of substrates including aliphatic, aromatic and heterocyclic aldehydes 
affording corresponding 1, 4-dihydropyridines61. 
Yb(OTf)3 and Sc(OTf)3 proved to be efficient catalysts for four component coupling reaction of 
an aldehyde, a diketone, an active methylene compound and ammonium acetate at ambient 
temperature (Scheme 17) . This procedure is simple and eco-friendly with excellent yield. The 
major advantage is that these catalysts can easily be separated and reused efficiently52. 
Scheme 17
O
O
+ ArCHO +
O
O
O
NH4OAc RE(OTf)3
C2H5OH R.T
O
HN
R
O
O
 
A new nanoporous acid SBA-Pr-SO3H is used as catalyst in Hantzsch synthesis of 
polyhydroquinolines under solvent free conditions with short reaction time and excellent yield62. 
Copper perchlorate hexahydrate also proved to be an excellent catalyst in this regard63. 
Nanocrystalline TiO2 has also been used for the synthesis of polyhydroquinoline under solvent 
free conditions in Hantzsch synthesis64. 
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A very simple one pot procedure for the synthesis of polyhydroquinolines is by using silica 
supported polyphosphoric acid. It is an efficient, reusable and green heterogeneous catalyst that 
can be used in solvent-free conditions65. 
Another eco-friendly catalyst is montmorillonite K10, which is efficiently used for the synthesis 
of dihydropyridine derivatives and is inexpensive and can be reused several times for the 
synthesis of these compounds66. 
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LITERATURE SURVEY 
Of the above mentioned MCRs, the Biginelli and the Hantzch reactions occupy important 
positions. These two reactions lead to important intermediates which can act as effective 
scaffolds for further synthesis of potentially bioactive molecules. Our continuous interest in these 
reactions led us to further explore these reactions for synthesizing novel compounds of interest as 
well as to reinvestigate some experimental parameters. 
2.1 Biginelli Reaction: 
The Biginelli reaction has already been reviewed by Kappe67 and more recently by Suresh and 
J.S. Sandhu68, which deals with all the aspects (reactants, solvents, catalysts, uses etc.). 
Therefore the more recent literature will be discussed here. 
2.1.1 Reactants: 
 Efficient synthesis of the heterocyclic nucleus i.e pyrimidine has been of great interest in recent 
years. About a century ago, the Biginelli reaction was described involving a straightforward 
reaction between β-dicarbonyl compounds, aldehydes and (thio)ureas under strongly acidic 
conditions but over these years the scope has been widened by incorporating diverse reactants 
and employing variety of experimental techniques, sovents, catalysts etc. The most recent cases 
are briefly being dealt here. 
The Biginelli products have very reactive sites and also a number of different functional groups, 
so a variety of compounds can be used for its synthesis. Some examples are as follows: 
 
 
20 
 
 2.1.1.1 Urea and thiourea building blocks: 
Urea and thiourea building blocks that have been used in Biginelli reactions by different workers 
in recent years are p-tolylurea (9)69, methyl urea (10)70, phenyl urea (11)71, allyl urea (12)72, 1,3-
dimethylurea (13), 1,3-diethylurea (14)73, 2H-1,2,4-triazol-3-amine (15)74, 3-methyl-1H-pyrazol-
5-amine (16), 1-(2-methylbenzo[d]oxazole-5-carbonyl)semicarbazide (17), acetylurea (18)75, and 
pyrimidine-2,4,6(1H,3H,5H)-trione (19) 76etc. 
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2.1.1.2 Active methylene building block: 
Active methylene building block that have been used in Biginelli reactions by different workers 
are 5-methylcyclohexane-1, 3-dione (20) 73, methyl 3-oxo-3-phenylpropanoate (21) 77, 2, 4-
dioxopentanenitrile (22) 78, tert-butyl 3-oxobutanoate (23)77, 4-methoxy-4-oxobut-2-ynoic acid 
(24), 2,3-dihydrophthalazine-1,4-dione(25) 76and 3-(dimethylamino)-1-p-tolylprop-2-en-1-
one(26) 78etc. 
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O
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2.1.1.3 Aldehyde building block: 
Aldehyde building blocks recently used were as follows: 
A series of aldehydes were used by B.F. Mirjalili, A. Bamoniri and A. Akbari in 201179, some of 
these were the more common ones such as 4-nitrobenzaldehyde (27), 2-nitrobenzaldehyde (28), 
2-chloro-5-nitrobenzaldehyde (29), furan-2-carbaldehyde (30), 3-phenylpropanal (31). 
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Some other aldehydes which have been used by other workers are perfluorooctanesulfonates 
(32)80, 4-hydroxy-3-methoxybenzaldehyde (33), 4-fluorobenzaldehyde (34), 
benzo[d][1,3]dioxole-5-carbaldehyde (35) and benzo[d][1,3]dioxole-5-carbaldehyde (36) 81 etc. 
CHO
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32
     
CHO
OCH3
OH
33
              
CHO
F
34
             
CHO
O
O
35
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2.1.2 Catalysts: 
A variety of catalysts has been used in Biginelli reaction as already discussed by Suresh and J. S. 
Sandhu70. Some of the catalysts more recent used by different workers are as follows: 
Nano-BF3.SiO281, Yb(OTf)382, p-sulfonic acid calixarenes83, Zn(OTf)271, CuCl2.2H2O-HCl82, 
LiAc/PPA76, GlyNO376, amino acids (Glycine, Hippuric acid, Glutamic acid, L. leucine, 
Tryptophan, Histidine)83, L-proline78, FeCl377 and carboxylic acids e.g. monocarboxylic acids 
that include Formic acid, Acetic acid, Propanoic acid, Butyric acid, Hexanoic acid, Palmitic acid, 
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Oleic acid and Stearic acid, dicarboxylic acids such as Oxalic acid, Malonic acid, Maleic acid, 
Adipic acid, Succinic acid and Fumaric acid84. 
2.1.3 Solvents: 
The classical solvent for Biginelli reaction is ethanol, but a variety of different solvents have 
been used for the Biginelli Multicomponent reaction like all other components of the reaction. 
Some examples are described below: 
CH3CN82, ionic liquids [cmmim] [BF4] and [bmim][BF4]85, toluene, THF76, ethylene glycol, 
diethylene glycol86, water76  acetonitrile79 and tetra-butyl ammonium bromide87 etc. 
2.1.4 Mechanism of Biginelli reaction: 
Various mechanisms of Biginelli reaction proposed from time to time are as under: 
2.1.4.1 Kappe’s mechanism: 
The most acceptable mechanism was proposed by C.O.Kappe in 199367. (Scheme 18) 
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This mechanism was supported by NMR spectroscopy, and it involves the formation or N-
acylinium ion (40) by the condensation of urea and benzaldehyde via an unobservable 
intermediate (39).  Reaction of (40) with enolic form of ethylacetoacetate resulted in (41), which 
leads to final product (42). 
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2.1.4.2 De Souza’s mechanism: 
This was proposed in 2009 and the mechanism is as follows:88 (Scheme 19) 
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N, N-Bisbenzylidenebisurea (44) is formed under acidic conditions. Iminium ion resulted into 
the final product (42)68. 
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2.1.4.3 Shun Jun je, s mechanism: 
This mechanism was proposed in 2010 as a base catalyzed procedure. (In the presence of 
20mol% tBuOK and ethanol at 700C)89 (Scheme 20) 
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2.2 Aromatization of 3, 4-dihydropyrimidines: 
The aromatization of dihydropyrimidines and dihydropyrimidinones has been found to be more 
difficult as compared to the aromatization of dihydropyridines due to its more stable structure. 
But the aromatization of Biginelli product i-e dihydropyrimidinones is very important as it 
results into the formation of pyrimidines that are very important biologically and therapeutically. 
The agents used for the aromatization of dihydropyrimidines are as under: 
NHPI/CoII system90, stannous chloride (SnCl2)91, Ca(OCl)292, molecular oxygen promoted by 
activated carbon93, Cu salt, K2CO3, and tert-butylhydroperoxide (TBHP)94, (Diacetoxyiodo) 
benzene95, and HNO396 etc have been used for the purpose. 
The biological and pharmaceutical importance of the pyrimidines has already been discussed in 
introduction part in detail. 
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2.3 HANTZSCH SYNTHESIS 
The Hantzsch reaction has already been reviewed by Anil Saini, anjay Kumar and J.S. Sandhu in 
200897 then by G.Swarnalatha, G.Prasanthi, N.Sirisha, C.Madhusudhana Chetty in 201198 and 
more recently by Eduada M. P. Silva, Pedro A. M. M. Varandas, Artur M. S. Silva in 201399 
which deals with all the aspects (reactants, solvents, catalysts, uses etc.). The more recent 
literature will be highlighted here: 
2.3.1 Reactants: 
Dihydropyridines is prepared from a wide variety of reactants i-e aldehydes, active methylene 
compounds and ammonia and its derivatives. Following is the description of different reactants 
used in this reaction in recent years: 
2.3.1.1 Ammonia and its derivatives: 
Ammonia and its derivatives that have been used by different workers in recent years are as 
follows: 
Ammonium fluoride (46)100, 3-amino-5-methylcyclohex-2-enone (47)101, Ammonia (48)102, 4-
methoxybenzenamine (49)103, Ammonium Nitrate (50), 2-aminoacetic acid (51), ammonium 
hydrogenphosphate (52), ammonium oxalate (53), and ammonium carbonate (54)104. 
NH4F
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47 ,    
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48 ,      
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O
OH
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A series of ammonia derivatives were used by Pal, Khan, and Choudhury105. Some of which are 
aniline (55), p-toluidine( 56), 4-methoxybenzenamine( 57), 4-chlorobenzenamine (58),                         
4-aminobenzonitrile (59), phenylmethanamine (60), 2-naphthyl amine (61) and o-toluidine (62). 
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60 ,      
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2.3.1.2 Active methylene building block: 
Many active methylene building block that have been used in Hantzsch reactions by different 
workers in recent years are 2H-indene-1, 3-dione106 ( 63), dimedone107 ( 64), 1,3-
Cyclohexanedione (65), 4-hydroxy-2H-chromen-2-one104 (66), malononitrile  (67), ethyl 2-
cyanoacetate (68), 2-cyanoacetamide( 69) , 3-oxo-3-phenylpropanenitrile( 70), dimethyl but-2-
ynedioate (71), diethyl but-2-ynedioate105 (72), 1-phenylbutane-1,3-dione108 (73), tert-butyl 3-
oxobutanoate( 74) and ethyl 3-oxoheptanoate109 (75). 
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2.3.1.3 Aldehydes building blocks: 
Aldehyde building blocks recently used are as follows: 
A series of aldehydes (19aldehydes) have been used by Nasr-Esfahani,  Montazerozohori and  
Raeatikia110 some of these are as follows: 
2-nitrobenzaldehyde (76), acetaldehyde (77), 2-Chlorobenzaldehyde (78), 3-nitrobenzaldehyde 
(79), 4-bromobenzaldehyde (80), 4-nitrobenzaldehyde (81), 4-methoxybenzaldehyde (82), 2-
methoxybenzaldehyde (83), thiophene-2-carbaldehyde (84) and furan-2-carbaldehyde (85) 
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Aldehydes used by other workers are as follows: 
4-hydroxybenzaldehyde (86), 2-hydroxybenzaldehyde (87), 4-hydroxy-2-methoxybenzaldehyde 
(88), 2-ethoxy-4-hydroxybenzaldehyde100 (89), 3, 4, 5-trimethoxybenzaldehyde (90), 
benzo[d][1,3]dioxole-5-carbaldehyde106 (91), cinnamaldehyde (92), terephthalaldehyde102 (93), 2-
Chloroquinolyl aldehyde104( 94), ethyl 2-oxoacetate (95), 2-formylbenzonitrile103 (96), 
benzo[c][1,2,5]oxadiazole-4-carbaldehyde111 (97), 4-(dimethylamino)benzaldehyde112 (98), 3-
phenoxybenzaldehyde (99) and 4-(methylthio)benzaldehyde  (100). 
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2.3.2 Catalyst: 
The catalysts that have been used are as follows: 
guanidinium nitrate, Silica sulphuric acid113, p-toluenesulfonis acid110, Fe0.2Al1.8Zn1O4114, 
Piperidine106, Sodium Perchlorate115, Sulphamic acid108, Cellulose-Sulfuric Acid116, Silica-
supported perchloric acid (HClO4–SiO2)117, glycerol118, neutral alumina119, Triton-X-100120, 
hypervalent iodine (III)121, KF/Al2O3105, Salicylic Acid109, Cerium(IV) Ammonium Nitrate and  
montmorillonite K10103. 
2.3.3 Solvents: 
In the classical method of the Hantzsch reaction ethanol is used as solvent but a variety of 
solvents that have been used in recent years are as follows: 
Methyl chloride, acetone, ethyl acetate, dichloromethane113, acetonitrile114, water115, aquous 
ethanol (1:1)102, DMSO122, THF123, toluene124 and acetic acid109 
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 2.3.4 Mechanism of Hantzsch reaction: 
The proposed mechanisms of Hantzsch reaction are as under125: (Scheme 21) 
+
O
O
H2C
O
O
CH3
CH3
HO H
C
C
C
O
O
O
O
CH3
CH3
O
O
H2C
O
O
CH3
CH3
H3C O O CH3
O
OH3C
O
O C
H
3NH3
O CH3
O
OH3C
O
O CH3
H3C
H2N OH
CH3O
H3C
H2N
O
O
CH3O
O
H3C
N
H
O
O
CH3O
O
H3C
H3C CH3
-H2O
Scheme 21
 
 
 
 
 
 
 
33 
 
2.4 Aromatization of dihydropyridines: 
The pyridines synthesized as a result of aromatization of the dihydropyrines are biologically very 
important. Some examples are given in the introduction section. The reagents used in the 
aromatization in recent years are as under: 
(Diacetoxyiodo) benzene95, DDQ / CH3CN126, Urea-Hydrogen 
Peroxide/Maleic Anhydride127, sodium nitrite128, SiO2-HNO3129, selenium dioxide130, hypervalent 
iodine (III)121, triarylamine radical cation131, Graphite oxide, CCl4 via a photoinduced electron 
transfer mechanism,  Tritone X-10057, mixed-addenda vanadomolybdophosphate 
heteropolyacid and  bismuth subnitrate (BiONO3) adsorbed on acidic alumina56. 
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Experimental: 
3.1 Reagents Used 
The reagents and chemicals used were commercially available from Merck or Fluka and were 
used as such. However when needed, were purified using normal techniques. The solvents used 
were distilled and dried. 
3.2 Equipment Used 
Melting points were taken on a GallenKamp melting point apparatus and are uncorrected. FTIR 
spectra were recorded on a Bruker Tensor 27. The 1H and 13C NMR spectra were taken on 
Bruker DPX instrument at 300 and 400 MHz. High resolution mass spectra were noted on a 
Fisons VG Platform II Spectrometer. All chemical shifts are reported in δ downfield from TMS. 
Coupling constants (J) are reported in Hz. Multiplicity in 1HNMR is reported as singlet(s), 
doublet (d), triplet (t), quartet (q) and multiplet (m). 
2.3 Stating materials: 
 Starting materials, 5-arylfuran-2-carbaldehydes, were synthesized via Meerwein Arylation 
reaction as follows. 
General procedure132: 
An  aniline (5 mmol) was dissolved in a mixture of water (10 mL) and concentrated 
hydrochloric acid (10 mL) , cooled to 5°C and diazotizaion was carried out with a solution of 
sodium nitrite
 
(5.1 mmol) in water (5 mL). After 1 hour, a solution of 2.5mmol furfural in 
acetone (20 mL) followed by addition of 0.75 mmol of copper chloride dihydrate to the stirred 
reaction mixture. The reaction mixture was left to stand at room temperature for 24 hours. 
After dilution with water the precipitates were formed which were filtered off, washed with 
abundant water, dried and recrystallized from ethanol. 
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In this manner the following 5-arylfuran-2-carbaldehydes (101-109) were prepared:  
3.3.1 5-(2׳-nitrophenyl) furan-2-carbaldehyde: (101) 
O
NO2
OHC 101
 
Yield: 5.4g (67%);  
M.P:  80-81°C (lit133: 90-920C)  
FTIR (KBr) (v, cm-1): 1669.69 (C=O) 1510.0 and 1355.83(Asym and sym -NO2), 2363.67 
(Aromatic ring) 2846.65 (C-H stretch)  
Mass Spectra m/z (%): 217 (5) (M+); 188 (79) (M+-CHO)   ; 172 (28) (M+-NO2); 144 (28) 
(Phfuran).   
1HNMR (300MHz) (CDCl3): δ: 9.671 (1H, s, Ar-CHO), 7.30 (1H, d, J = 2.4Hz, H-3) 6.780 
(1H, d, J = 2.4 Hz, H-4), 7.836-7.531 (m, 4H, Ar-H)  
13CNMR (75MHz) (CDCl3): δ: 177.72 (C=O), 153.37, 152.93, 132.41, 130.31, 130.07, 
126.65, 124.32, 122.99, 121.83, 112.03 (Ar-C)  
Anal.Calcd.for C11H7NO4:  C 60.81; H 3.22; N 6.45%. Found:  C 60.85; H 3.34; N 6.51% 
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3.3.2 5-(4׳-nitrophenyl) furan-2-carbaldehyde: (102)  
102
O
OHC
NO2
 
Yield: 5.0g (64%)  
M.P:196°C (lit134 m.p 192oC) 
FTIR (KBr) (v, cm-1): 1667.75 (C=O), 1514.12 and 1327.56 (Asym and sym -NO2)  
Mass Spectra m/z (%):  217 (100) (M+), 188 (3) (M+-CHO).  
1HNMR (300MHz) (CDCl3): δ: 9.720 (1H, s, Ar-CHO), 7.350 (1H, d, J = 3.3 Hz, H-3), 
7.025 (1H, d, J = 3.3 Hz, H-4), 8.311 (2H, d, J = 6.6 Hz, H-2', 3'), 7.972 (2H, d, J = 6.6 Hz, 
H-5', 6'). 
13CNMR (75MHz) (CDCl3): δ: 177.55 (C=O), 152.87, 132.09, 129.76, 127.88, 125.75, 
124.42, 122.72, 110.61 (Ar-C)  
Anal.Calcd.for C11H7NO4:  C 60.81; H 3.22; N 6.45%. Found:  C 60.85; H 3.34; N 6.51% 
3.3.3 5-(2׳, 3׳-dichlorophenyl) furan-2-carbaldehyde: (103) 
103
O
Cl
OHC
Cl
 
Yield: 4.2 g (59%) 
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M.P: 90-92°C (lit135. m.p. 920C) 
FTIR (KBr) (v, cm-1): 1659.6 (C=O aldehyde) 2363.68 (Aromatic ring) 2877.61( C-H 
stretch), 1084.91 (C-Cl ) 
Mass Spectra m/z (%):242 (28) (M+ +2), 240 (75) (M+), 148 (47) (PhCl2), 211 (4) (M+ - CHO), 112 
(13) [PhCl+],  
1HNMR(300MHz)  (CDCl3): δ:  9.612 (1H, s, Ar-CHO), 7.235 (1H, d, J = 5.5, H-3), 6.798 (1H, 
d, J = 5.5, H-4), 7.899 (1H, t, J = 12, H-5'), 7.876 (1H, d, J = 3.3, H-4'), 7.768 (1H, d, J = 3.3, H-
6'),  
13CNMR (75MHz) (CDCl3): δ:  177.54 (C=O), 156.72, 152.41, 133.74, 133.52, 131.06, 130.82, 
128.85, 126.95, 124.30, 123.16 (Ar-C)  
Anal.Calcd.for C11H6Cl2O2: C 55.00; H 2.50%.  Found C 55.21; H 2.65% 
3.3.4 5-(2׳, 4׳-dichlorophenyl) furan-2-carbaldehyde: (104) 
104
O
Cl
OHC
Cl
 
Yield: 3.5g (53%)  
M.P: 60-620C (lit136. m.p 63°C) 
FTIR (KBr) (v, cm-1):1678.08 (C=O aldehyde), 2360.09 (Aromatic ring) 2844.36 (C-H stretch), 
1049.69 (C-Cl),  
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Mass Spectra m/z (%):  242 (33) (M++2), 240 (100) (M+), 211 (22) (M+ -CHO), 148 (14) (PhCl2), 112 
(10) (PhCl+).  
1HNMR(300MHz)  (CDCl3): δ:  9.678 (1H, s, Ar-CHO), 7.961 (1H, d, J = 6.6, H-3), 7.855 (1H, 
d, J = 6.6, H-4), 7.496 (1H, d, J = 5.7, H-3'), 7.471 (1H, s, Ar-H), 7.240 (1H, d, J = 6.6, H-5')  
13CNMR (75MHz) (CDCl3): δ:  177.44 (C=O), 146.62, 146.47, 130.78, 130.63, 129.87, 128.65, 
127.68, 127.38, 122.81, 113.35 (Ar-C)  
Anal.Calcd.for C11H6Cl2O2:  C 55.00; H 2.50%.  Found C 55.06; H 2.47% 
3.3.5 5-(5׳-chloro-2׳-nitrophenyl) furan-2-carbaldehyde: (105) 
105
O
NO2
OHC
Cl
 
Yield: 4.1g (52%)  
M.P: 76°C,  
FTIR (KBr) (v, cm-1): 2862.40 (C-H), 1659.61(C=O), 2363.31(Aromatic ring), 1091.0 (C-Cl 
bond), 1557.45 and 1353.34(Asym and sym -NO2),  
Mass Spectra m/z (%): 253 (10) (M++2), 251 (6) [M+], 222 (39) (M+- CHO), 206 (4) (M+- NO2), 
122 (7) (PhNO2), 111 (27) (PhCl). 
1HNMR (300MHz) (CDCl3): δ:  9.687 (1H, s, Ar-CHO), 7.515 (1H, d, J = 6.3, H-3), 6.818 
(1H, d, J = 6.3, H-3), 7.670 (1H, s, H-6'), 7.817 (1H, d, J = 6.3, H-4'), 7.306 (1H, d, J = 6.3, 
H-3')  
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13CNMR (75MHz) (CDCl3): δ: 177.43 (C=O), 156.41, 152.31, 132.20, 127.92, 126.62, 
123.94, 123.69, 123.83, 108.11, 108.09 (Ar-C)  
Anal.Calcd.for C11H6ClNO4: C 52.58; H 2.39; N 5.57%.  Found: C 52.69; H 2.36; N 
5.59%. 
3.3.6 5-(3׳, 4׳-dichlorophenyl) furan-2-carbaldehyde: (106) 
106
O
OHC
Cl
Cl
 
Yield: 4.9g (61%)  
M.P: 105°C (lit.135 M.p. 1060C) 
FTIR (KBr) (v, cm-1):1661.74 (C=O), 2363.14 (Aromatic ring) 2846.75 (C-H stretch), 1071.86 
cm-1 (C-Cl),  
Mass Spectra m/z (%):  242 (30) (M++2), 240 (100) (M+), 148 (22) (PhCl2), 211 (37) (M+ -CHO), 112 
(55) (PhCl+),  
1HNMR (300MHz)  (CDCl3): δ:  9.654 (1H, s, Ar-CHO), 7.510 (1H, d, J = 6.3, H-3), 7.305 
(1H, d, J = 6.3, H-4), 7.233 (1H, s, H-2'), 7.892 (1H, d, J = 1.2, H-5'), 7.780 (1H, d, J = 6.3, H-
6'),  
13CNMR (75MHz) (CDCl3): δ:  177.31 (C=O), 156.72, 152.41, 133.74, 133.52, 131.06, 130.82, 
128.85, 126.95, 124.30, 123.16 (Ar-C)  
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Anal.Calcd.for C11H6Cl2O2: C 55.00; H 2.50%. Found: C 55.09; H 2.66%. 
3.3.7 5-(3׳-nitrophenyl) furan-2-carbaldehyde: (107) 
107
O
OHC
NO2
 
Yield: 4.1g (61%) 
M.P:148°C (lit137 m.p 150oC) 
FTIR (KBr) (v, cm-1): 1678.69 (C=O), 2361.51 (Aromatic ring), 1504.32 and 1359.64 
(Asym and sym -NO2),  
Mass Spectra m/z (%): 216 (43) (M+), 188 (31) (M+- CHO) 
1HNMR (300MHz) (CDCl3): δ:   9.709 (1H, s, Ar-CHO ), 7.350 (1H, d, J = 2.7 Hz, H-3), 
6.994 (1H, d, J = 2.7 Hz, H-4), 8.614 (s, 1H, H-2' ), 8.232 (1H, d, J = 5.7 Hz, H-4'), 8.142 
(1H, d, J = 5.7 Hz, H-6'), 7.655 (1H, t, J = 12 Hz, H-5'),  
13CNMR (75MHz) (CDCl3):  δ: 177.49 (C=O), 152.74, 133.94, 132.78, 130.62, 130.20, 
128.82, 123.92, 123.06, 120.06, 109.99 (Ar-C)  
Anal.Calcd.for C11H7NO4:  C 60.81; H 3.22; N 6.45%. Found: C 60.92; H 3.29; N 6.40%. 
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3.3.8 5-(4׳-chlorophenyl) furan-2-carbaldehyde: (108) 
O
OHC
Cl
108
 
Yield: 4.2g (62%)  
M.P:118°C (lit.134 m.p 1200C) 
FTIR (KBr) (v, cm-1): 1661.78 (C=O), 2360.11 (Aromatic ring), 1094.28 (C-Cl)  
Mass Spectra m/z (%):208 (M++2) (75), 206 (100) (M+), 178 (10) (M+- CHO), 
1HNMR (300MHz) (CDCl3): δ:    9.639 (1H, s, Ar-CHO), 7.403 (1H, d, J = 2.3 Hz, H-3), 6.817 
(1H, d, J = 2.3 Hz, H-4), 7.749-7.293 (4H, m, Ar-H)  
13CNMR (75MHz) (CDCl3): δ:   177.21 (C=O aldehyde), 158.20, 152.14, 135.66, 129.26, 
127.45, 126.50, 123.41, 107.96   (Ar-C)  
Anal.Calcd.for C11H7ClO2: C 64.07; H 3.39%. Found: C 64.09; H 3.44%. 
3.3.9 5-(2׳-chloro-4׳-nitrophenyl) furan-2-carbaldehyde: (109) 
109
O
Cl
OHC
NO2
 
Yield: 4.5g (61%)  
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M.P:114°C  
FTIR (KBr) (v, cm-1): 1679.60 (C=O aldehyde), 1047.84 (C-Cl) 1515.92 and 1347.64 (Asym 
and sym -NO2), 2360.43 cm-1 (Aromatic ring) 
Mass Spectra m/z (%): 253 (23) (M++2), 251 (69) (M+), 221 (21) (M+- CHO), 171 (28) (M+- NO2- Cl)  
1HNMR (300MHz)  (CDCl3): δ:   9.750 (1H, s, Ar-CHO), 8.363 (1H, s, H-3'), 8.293 (1H, d, J = 
1.2, H-5') 8.216 (1H, d, J = 1.2, H-5'), 7.692 (1H, d, J = 6.9, H-3), 7.524 (1H, d, J = 6.9, H-4),  
13CNMR (75MHz) (CDCl3): δ:  177.65 (C=O), 152.12, 133.24, 129.44, 126.30, 125.64, 124.25, 
122.31, 122.10, 115.74, 113.96   (Ar-C)  
Anal.Calcd.for C11H6ClNO4: C 52.58; H 2.39; N 5.57%. Found: C 52.71; H 2.76; N 5.88%. 
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3.4 Hantzsch Synthesis 
General procedure:  
3.4.1 With ethyl acetoacetate 
An arylfuran-2-carbaldehyde (1mmole), active methylene compound (2mmoles), and ammonium 
acetate (1mmole) was refluxed in ethanol (15mL) for 3hours (reaction monitored through TLC). 
After cooling the reaction mixture was poured into ice cold water. Precipitates were filtered, 
washed with water and cold ethanol, dried and recrystallised from ethanol. 
Adopting this general procedure, the following compounds were synthesized: (110-146) 
3.4.1.1 Synthesis of diethyl 2, 6-dimethyl-4-(3׳-nitrophenyl)-1, 4-dihydropyridine-3, 5-
dicarboxylate: (110) 
N
H
NO2
COOC2H5
CH3H3C
C2H5OOC
110
 
Yield: 63% 
M.p: 155-1570C (in lit.134 m.p=162-1630C). 
Molecular formula: C19H22N2O6 
IR (υ-cm-1): 1702 (keto group in ester), 2359.9(Aromatic ring), 3341.2(N-H stretching), 1522.0-
1641.3(C-NO2 group). 
Mass Spectra m/z (%):  374.2 (28.1) (M), 357.2 (7.0) (M-CH3), 345.2 (36.5) (M-2CH3), 329.2 
(59.3) (M-NO2), 301.2 (50.4) (M-COOC2H5), 273.1 (14.0) (M-COOC2H5-2CH3), 252.2 (100) 
(M- C6H4NO2), 224.1 (74.6) (M-C6H4NO2-2CH3), 196.1 (97.2) (M-C6H4NO2-2C2H5), 178.1 
(9.8) (M-C6H4NO2-C2H5-C2H5O), 167.1 (5.4) (M-C6H4NO2-COOC2H5-CH3), 150.1 (15.7) (M-
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C6H4NO2-COOC2H5-2CH3), 106.1 (5.7) (M-C6H4NO2-COOC2H5-2CH3-C2H5O), 67.0 (5.3) (M- 
C6H4NO2-COOC2H5-C6H4NO2) 
1HNMR (400MHz)  (DMSO): δ: 2.358(s, 6H, 2CH3), 1.208(t, 6H, 2CH3-CH2, J=10.68Hz), 
4.075(q, 2CH3-CH2, J=10.68Hz), 4.119(s, 1H, CH), 7.99(s, H-2׳, 8.00(d, H-4׳, CH), 7.40(t, H-5׳, 
CH, J=), 7.45(d, H-6׳, CH), 8.1(s, H-1, 1H, NH). 
13CNMR (75MHz) (DMSO): δ: 14.20(CH3CH2), 59.95(CH3CH2), 167.07(C=O), 103.31(CCH), 
149.89(CNH), 19.57(CH3C), 39.94(CHC6H4), 148.13(CNO2), 121.28, 123.08, 128.55, 134.48 
(aromatic carbons). 
Anal.Calcd.for C19H22N2O6:  C 60.98; H 5.98; N 7.48%. Found:  C 61.73; H 6.53; N 7.50% 
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Figure: 1: a) IR b) EIMS of diethyl 2, 6-dimethyl-4-(3׳-nitrophenyl)-1, 4-
dihydropyridine-3, 5-dicarboxylate: (110) 
  
Figure: 2: a) 1HNMR b) 13CNMR
dihydropyridine-3, 5-dicarboxylate: (110)
 of diethyl 2, 6-dimethyl-4-(3׳-nitrophenyl)
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-1, 4-
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3.4.1.2 Diethyl 2, 6-dimethyl-4-(5׳-(4׳׳-nitro phenyl) furan-2׳-yl)-1, 4 dihydropyridine -3, 5-
dicarboxylate: (111) 
111
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
 
M.P = 145-1500C 
Yield = 95% 
Molecular formula: C23H24N2O7 
IR (υ-cm-1): 3834.9(N-H stretching), 3107.0(Ar-H), 2984.0(C-H stretching of CH3), 
1714.3(C=O ester), 1512-1618 (C-NO2 group). 
Mass Spectra m/z (%):  440.2 (96.7) (M), 411.2 (100) (M-2CH3), 395.2 (30.1) (M-NO2), 383.1 
(23.3) (M-2C2H5), 367.2(100) (M-COOC2H5), 337.2 (26.7) (M-COOC2H5-2CH3), 321.1 (30.4) 
(M-COOC2H5-C2H5O), 293.1 (11.7) (M-2COOC2H5), 252.1 (14.9) (M-C10H6No3), 196.1 (13.8) 
(M-C10H6NO3-2C2H5), 179.1 (10.7) (M- C10H6NO3-2C2H5-CH3), 150.1 (15.4) (M-C10H6NO3-
2C2H5O-CH3), 120.1 (13.0) (M-C17H20NO5), 55.1 (6.5) (C4H5), 43.0 (9.9) (C2H4O). 
13CNMR (75MHz) (DMSO): δ: 14.08 (CH3), 61.70 (CH3-CH2), 167.20 (C=O), 107.70 (C=C), 
149.98 (C-NH), 14.39 (CH3), 33.83 (CH-C), 150.21 (CH=C-O), 100.37 (CH-CH), 107.70 (CH-
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CH), 154.79 (CH-aromatic ring), 136.91, 130.83, 123.2, 124.80, 125.59, 149.81 (aromatic 
carbons). 
 
Figure: 3: IR of Diethyl 2, 6-dimethyl-4-(5׳-(4׳׳-nitro phenyl) furan-2׳-yl)-1, 4 
dihydropyridine -3, 5-dicarboxylate: (111) 
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Figure: 4: a) EIMS b) 1HNMR of Diethyl 2, 6-dimethyl-4-(5׳-(4׳׳-nitro phenyl) furan-2׳-
yl)-1, 4 dihydropyridine -3, 5-dicarboxylate: (111) 
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3.4.1.3 Diethyl-2, 6-dimethyl 4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-1, 4-dihydropyridine 
-3, 5-dicarboxylate: (112) 
112
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
Cl
 
M.P = 110-1120C 
Yield = 43% 
Molecular formula: C23H23Cl2NO5 
IR (υ-cm-1): 3902.4(N-H stretching), 3327.9(Ar-H), 2982.2(C-H stretching of CH3), 
1651.7(C=O ester). 
Mass Spectra m/z (%): 467.1 (M+4), 465.1 (13.9) (M+2), 463.1 (24.1) (M), 434.1 (21.2) (M-
2CH3), 390.1 (47.4) (M-COOC2H5), 364.0 (40.0) (M-COOC2H5-2CH3), 344.0 (4.5) (M-
COOC2H5-C2H5O), 252.1 (8.9) (M-C10H5Cl2O), 196.1 (5.1) (M-C10H5Cl2O-2CH3-C2H5), 173.0 
(7.1) (M-2COOC2H5-C6H3Cl2), 149.0 (7.9) (M-C10H5Cl2O-2C2H5O-CH3). 
1HNMR (400MHz) (DMSO): δ: 2.358(s, 6H, 2CH3), 1.261(t, 6H, 2CH3-CH2, J=10.71Hz), 
4.197(q, 4H, 2CH3-CH2, J=10.86Hz), 5.265(s, 1H, CH), 7.027(d, 1H, H-4׳׳, J=2.55), 7.179(t, 
1H, H-5׳׳), 7.265(d, 1H, H-6׳׳). 
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13CNMR (75MHz) (DMSO): δ: 14.40 (CH3CH2), 59.93 (CH3CH2), 167.29 (C=O), 100.62 
(CC), 145.20 (CC), 19.62 (CH3C), 33.60 (CH-furan part), 100.62 (CH-furan), 145.20 (C-furan), 
106.84 (CH-furan), 125.69, 127.04, 128.04, 131.76, 134.07, 145.20 (aromatic ring). 
Anal.Calcd.for C23H23Cl2NO5:  C 59.64; H 4.96; N 3.02%. Found:  C 59.71; H 4.88; N 
2.84% 
 
Figure: 5: IR of Diethyl-2, 6-dimethyl 4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-1, 4-
dihydropyridine -3, 5-dicarboxylate: (112) 
 
 Figure: 6: a) EIMS b) 1HNMR
2׳-yl)-1, 4-dihydropyridine -3, 5
 
 of Diethyl-2, 6-dimethyl 4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan
-dicarboxylate: (112) 
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-
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3.4.1.4 Diethyl-2, 6-dimethyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl) 1, 4-
dihydropyridine-3, 5-dicarboxylate: (113) 
113
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
Cl
 
M.P = 2200C 
Yield = 59% 
Molecular formula: C23H23ClN2O7 
IR (υ-cm-1): 3311.9(N-H stretching), 3087.5(Ar-H), 2983.5(C-H stretching of CH3), 
1652.7(C=O ester), 1332.7-1487.3 (C-NO2 group). 
Mass Spectra m/z (%): 476.0 (14.4) (M+2), 473.9 (49.6) (M), 444.9 (54.4) (M-2CH3), 401.0 
(100) (M-COOC2H5), 371.0 (6.55) (M-COOC2H5-2CH3), 328.0 (6.9) (M-2COOC2H5), 252.1 
(14.4) (M-C10H5ClNO3), 223.0 (5.3) (M-C13H18NO4), 183.9 (10.2) (M-C10H5ClNO3-COOC2H5), 
150.0 (7.3) (M-C10H5ClNO3-COOC2H5-2CH3). 
1HNMR (400MHz) (DMSO): δ: 2.374(s, 6H, 2CH3), 1.302(t, 6H, 2CH3CH2, J=10.62Hz), 
4.184(q, 4H, 2CH3CH2, J=10.41Hz), 5.303(s, 1H, CH), 7.28(d, 4H, H-6׳׳, J=6.00Hz), 8.275(s, 
1H, H-3 ׳׳ ). 
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13CNMR (75MHz) (DMSO): δ: 14.40 (CH3CH2), 60.02 (CH3CH2), 167.13 (C=O), 100.33 
(CC), 145.42 (CCNH), 19.62 (CH3CNH), 33.81 (CH-furan), 145.42, 100.33, 107.92, 146.61 
(furan ring), 145.27, 129.19, 116.01, 135.42, 126.24, 134.90 (phenyl ring). 
 
Figure: 7: IR of Diethyl-2, 6-dimethyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl) 1, 4-
dihydropyridine-3, 5-dicarboxylate: (113) 
 Figure: 8: a) EIMS b) 1HNMR
furan-2׳-yl) 1, 4-dihydropyridine
 
 of Diethyl-2, 6-dimethyl-4-(5׳-(2׳׳-chloro
-3, 5-dicarboxylate: (113) 
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-4׳׳-nitrophenyl) 
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Figure: 9: 13CNMR of Diethyl-2, 6-dimethyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl) 1, 
4-dihydropyridine-3, 5-dicarboxylate: (113) 
3.4.1.5 Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl) -1, 4-dihydropyridine-3, 5-
dicarboxylate: (114) 
114
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
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M.P = 120-1220C 
Yield = 50% 
Molecular formula: C23H24N2O7 
IR (υ-cm-1): 3732.1(N-H stretching), 3347.7(Ar-H), 2984.9(C-H stretching of CH3), 
1648.2(C=O ester), 1478.8-1648.2 (C-NO2 group). 
Mass Spectra m/z (%): 440.2 (27.4) (M), 423.1 (22.3) (M-CH3), 395.1 (15.8) (M-NO2), 367.1 
(100) (M-COOC2H5), 337.1 (5.3) (M-COOC2H5-2CH3), 293.1 (5.0) (M-2COOC2H5), 252.1 
(18.5) (M-C10H6No3), 224.1 (6.3) (M-C10H6No3-2CH3), 150.0 (7.8) (M-C10H6No3-2CH3-
COOC2H5), 77.0 (3.4) (M-C17H20NO5-NO2). 
1HNMR (400MHz): (DMSO): δ: 2.361(s, 6H, 2CH3), 1.288(t, 6H, 2CH3CH2, J=10.62Hz), 
4.181(q, 4H, 2CH3CH2, J=10.04Hz), 5.138(s, 1H, CH), 6.120, 6.127 (2H of furan ring, H-3׳, H-
4׳), 6.593(d, 1H, H-6׳׳, J=3.57Hz), 7.958 and 7.82(H-2׳׳, and H-3׳׳ respectively). 
13CNMR (75MHz) (DMSO): δ: 14.36 (CH3CH2), 59.82 (CH3CH2), 167.21 (C=O), 99.82 (2C, 
C-3, 5), 146.129 (2C, C-2, 6), 19.567 (2CH3), 33.378 (C-4), 99.699 (C-3׳), 146.494 (C-2׳), 
106.453 (C-4׳), 147.037 (C-5׳), 127.561 (C-6׳׳), 127.228 (C-4׳׳), 127.561 (C-NO2-aromatic). 
Anal.Calcd.for C23H24N2O7:  C 62.72; H 5.49; N 6.36%. Found:  C 63.75; H 5.76; N 6.44% 
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Figure: 10: a) IR b) EIMS of Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl) -1, 4-
dihydropyridine-3, 5-dicarboxylate: (114) 
 Figure: 11: a) 1HNMR b) 13CNMR
yl) -1, 4-dihydropyridine-3, 5
 
 of Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan
-dicarboxylate: (114) 
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-2׳-
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3.4.1.6 Diethyl-2, 6-dimethyl 4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl) 1, 4-dihydropyridine-
3, 5-dicarboxylate: (115) 
115
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
Cl
 
M.P = 1800C 
Yield = 82.85% 
Molecular formula: C23H23Cl2NO5 
IR (υ-cm-1): 3941.6(N-H stretching), 3319.5(Ar-H), 2986.0(C-H stretching of CH3), 
1652.7(C=O ester). 
Mass Spectra m/z (%): 465.0 (43.0) (M+2), 463.0 (76.0) (M), 434.1 (70.3) (M-2CH3), 390.1 
(100) (M-COOC2H5), 362.0 (15.9) (M-COOC2H5-2CH3), 344.0 (11.4) (M-COOC2H5-2CH3 –Cl), 
317.0 (7.9) (M-2COOC2H5), 252.1 (16.1) (M-C10H5Cl2O), 212.0 (6.0) (M-C13H18NO4), 196.1 
(14.9) (M-C10H5Cl2O-2CH3-C2H5), 150.1 (9.2) (M-C10H5Cl2O-COOC2H5-2CH3). 
1HNMR (400MHz) (DMSO): δ: 2.283(s, 6H, 2CH3), 1.207(t, 6H, 2CH3CH2, J=10.62Hz), 
4.122(q, 4H, 2CH3CH2, J=12.09Hz), 5.112(s, 1H, CH), 6.034(d, 1H, H-3׳, J=2.55Hz), 7.622, 
7.522, 7.412(H-6׳׳, H-5׳׳, H-3׳׳ respectively), 9.052(s, 1H, NH of dihydropyridine). 
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13CNMR (75MHz) (DMSO): δ: 14.40 (CH3CH2), 59.95 (CH3CH2), 167.35 (C=O), 106.89 
(CC), 147.43 (CNH), 19.58 (CH3CNH), 33.53 (CH-furan), 145.32(C-2׳), 100.51(C-3׳), 
106.89(C-4׳), 158.88 (C-5׳), 132.06(C-1׳׳), 130.28(C-2׳׳, 4׳׳), 129.91(C-3׳׳), 127.97(C-5׳׳)  
Anal.Calcd.for C23H23Cl2NO5:  C 59.49; H 4.99; N 3.02%. Found:  C 60.50; H 5.10; N 
3.02% 
 
Figure: 12: IR of Diethyl-2, 6-dimethyl 4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2-yl) 1, 4-
dihydropyridine-3, 5-dicarboxylate: (115) 
 Figure: 13: a) EIMS b) 1HNMR
furan-2-yl) 1, 4-dihydropyridine
 of Diethyl-2, 6-dimethyl 4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) 
-3, 5-dicarboxylate: (115) 
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Figure: 14: 13CNMR of Diethyl-2, 6-dimethyl 4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2-yl) 1, 
4-dihydropyridine-3, 5-dicarboxylate: (115) 
3.4.1.7 Diethyl-2, 6-dimethyl- 4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2׳-yl) -1, 4-
dihydropyridine-3, 5-dicarboxylate: (116) 
116
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
Cl
 
M.P = 1350C 
Yield = 58.58% 
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Molecular formula: C23H23ClN2O7 
IR (υ-cm-1): 3745.5(N-H stretching), 3353.1(Ar-H), 2985.4(C-H stretching of CH3), 
1651.4(C=O ester), 1540.5-1688.1 (C-NO2 group). 
Mass Spectra m/z (%): 476.1 (16.9) (M+2), 474.1 (57.5) (M), 457.1 (48.0) (M-CH3), 444.1 
(8.2) (M-2CH3), 429.1 (26.6) (M-NO2), 401.1 (100) (M-COOC2H5), 373.1 (11.2) (M-COOC2H5-
2CH3), 355.1 (26.1) (M-COOC2H5-NO2), 327.1 (9.7) (M-2COOC2H5), 283.1 (16.2) (M-
2COOC2H5-NO2), 252.1 (48.9) (M-C10H5ClNO3), 224.1 (12.0) (M-C13H18NO4), 150.1 (19.0) 
(M-C10H5ClNO3-COOC2H5-2CH3). 
1HNMR: (400MHz) (DMSO): δ: 2.355(s, 6H, 2CH3), 1.267(t, 6H, 2CH3CH2, J=10.68Hz), 
4.179(q, 4H, 2CH3CH2, J=9.66Hz), 5.140(s,1H,CH), 6.127(d, 1H, H-3׳, J=2.45Hz), 6.576(s, 1H, 
H-4׳), 7.502(s, 1H, H-6׳׳). 
13CNMR: (75MHz) (DMSO): δ: 14.34 (CH3CH2), 59.83 (CH3CH2), 167.216 (2C=O), 
99.672(2C), 146.958 (2C), 19.611 (2CH3), 33.499 (2CH), 99.672 (CH-furan), 145.481 (C-furan), 
106.675 (CH-furan), 132.567 (C-aromatic), 131.537 (CH-aromatic), 128.529 (CH-aromatic), 
123.779 (CH-aromatic), 146.107 (C-NO2-aromatic). 
Anal.Calcd.for C23H23ClN2O7:  C 58.17; H 4.88; N 5.90%. Found:  C 58.47; H 5.02; N 
5.94% 
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Figure: 15: a) IR b) EIMS of Diethyl-2, 6-dimethyl- 4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) 
furan-2-yl) -1, 4-dihydropyridine-3, 5-dicarboxylate: (116) 
 
  
Figure: 16: a) 1HNMR b) 13CNMR
nitrophenyl) furan-2-yl) -1, 4
 of Diethyl-2, 6-dimethyl- 4-(5׳-(5׳׳-chloro
-dihydropyridine-3, 5-dicarboxylate: (116)
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-2׳׳-
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3.4.1.8 Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-chloro-5׳׳--nitrophenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxylate: (117) 
117
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
O2N
 
M.P = 1600C 
Yield = 25% 
Molecular formula: C23H23ClN2O7 
IR (υ-cm-1): 3730.0(N-H stretching), 3104.6(Ar-H), 2985.3(C-H stretching of CH3), 
1656.3(C=O ester), 1520-1621 (C-NO2 group). 
Mass Spectra m/z (%): 476.1 (18.2 ) (M+2), 474.1 (58.5) (M), 457.1 (64.5) (M-CH3), 445 
(85.9) (M-2CH3), 401.1 (100) (M-COOC2H5), 373 (27.2) (M-2CH3-COOC2H5), 328 (13.3) (M-
2COOC2H5), 252.1 (24.6) (M-C10H5ClNO3), 224.1 (8.9) (M-C10H5ClNO3-2CH3), 150.1 (14.4) 
(M- C10H5ClNO3-2CH3-COOC2H5) . 
1HNMR: (400MHz) (DMSO): δ: 2.178(s, 6H, 2CH3), 1.323(t, 6H, 2CH3CH2, J=10.65Hz), 
4.241(q, 4H, 2CH3CH2, J=8.31Hz), 5.290(s, 1H, CH), 7.270(1H, H-3׳׳), 7.542(1H, H-4׳׳), 
8.613(1H, H-6׳׳) 
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13CNMR (75MHz) (DMSO): δ: 14.111 (2CH3), 60.026 (2CH2), 167.267 (2C=O), 100.205 (2C), 
151.318 (2C-N), 14.379 (2CH3), 30.902 (CH), 149.232 (C),(furan), 100.205 (CH), 107.172 
(CH), 160.092 (C), 136.787 (C-aromatic), 123.231 (CH), 146.106 (C-N), 122.920 (CH), 130.642 
(CH), 135.168 (C-Cl). 
Anal.Calcd.for C23H23ClN2O7:  C 58.26; H 4.85; N 5.90%. Found:  C 58.04; H 4.70; N 
5.46% 
 
Figure: 17: IR of Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-chloro-5׳׳--nitrophenyl) furan-2׳-yl)-1, 
4-dihydropyridine-3, 5-dicarboxylate: (117) 
 
 Figure: 18: a) EIMS b) 1HNMR 
nitrophenyl) furan-2׳-yl)-1, 4
 
of Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-chloro
-dihydropyridine-3, 5-dicarboxylate: (117)
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-5׳׳--
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Figure: 19: 13CNMR of Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-chloro-5׳׳--nitrophenyl) furan-2׳-
yl)-1, 4-dihydropyridine-3, 5-dicarboxylate: (117) 
3.4.1.9 Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳, 5׳׳-dichloro phenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxylate: (118) 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
Cl
118
 
M.P = 1500C 
Yield = 90% 
Molecular formula: C23H23Cl2NO5 
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IR (υ-cm-1): 3334.5(N-H stretching), 2982.1(Ar-H), 2358.9 (C-H stretching of CH3)1648.3(C=O 
ester). 
Mass Spectra m/z (%): 467.0 (7.6) (M+4), 465.0 (9.4) (M+2), 463.0 (64.6) (M), 434.0 (65.6) 
(M-2CH3), 390.0 (100) (M-COOC2H5), 362.0 (16.9) (M-COOC2H5-2CH3), 317.0 (7.6) (M-
2COOC2H5), 252.1 (17.0) (M-C10H5Cl2O), 224.1 (5.3) (M-C10H5Cl2O-2CH3). 
1HNMR: (400MHz) (DMSO) δ: 2.368(s, 6H, 2CH3), 1.305(t, 6H, 2CH3CH2, J=10.65Hz), 
4.231(q, 4H, 2CH3CH2, J=10.37Hz), 5.273(s, 1H, CH), 7.284(d, 1H, H-3׳׳, J=6.60Hz), 7.047(d, 
1H, H-4׳׳, J=2.52Hz), 7.711(1H, H-6׳׳). 
13CNMR: (75MHz) (DMSO): δ: 14.442 (2CH3), 19.572 (2CH3), 60.044 (2CH2), 167.381 
(2C=O), 100.400 (2C), 147.048 (2C), 33.495 (CH), 159.144 (C), 100.400 (CH-furan), 106.942 
(CH), 159.144 (C), 126.878 (CH), 132.643 (C-Cl), 130.720 (CH) and 131.720 (C-Cl). 
Anal.Calcd.for C23H23Cl2NO5: C 59.49; H 4.99; N 3.02%. Found: C 60.38; H 5.09; N 
2.96% 
 
Figure: 20: IR of Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳, 5׳׳-dichloro phenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxylate: (118) 
 Figure: 21: a) EIMS b) 1HNMR 
furan-2׳-yl)-1, 4-dihydropyridine
of Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳, 5׳׳-di
-3, 5-dicarboxylate: (118) 
73 
 
 
chloro phenyl) 
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Figure: 22: 13CNMR of Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳, 5׳׳-dichloro phenyl) furan-2׳-yl)-
1, 4-dihydropyridine-3, 5-dicarboxylate: (118) 
3.4.1.10 Diethyl 2, 6-dimethyl-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxylate: (119) 
119
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
Cl
 
M.P = 1450C 
Yield = 83.33% 
Molecular formula: C23H23Cl2NO5 
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IR (υ-cm-1): 3654.0(N-H stretching), 3330.0(Ar-H), 2981.2(C-H stretching of CH3), 
1650.9(C=O ester). 
Mass Spectra m/z (%): 467.0 (7.4 ) (M+4), 465.0 (35.5 ) (M+2), 463.0 (53.2) (M), 434.0 (65.7) 
(M-2CH3), 390.0 (100) (M-COOC2H5), 357.9 (27.0) (M-COOC2H5-Cl),344.0 (14.1) (M-
COOC2H5-Cl-CH3), 317.0 (8.7) (M-COOC2H5-COOC2H5), 290.0 (5.5) (M- 2COOC2H5-2CH3), 
252.1 (25.8) (M-C10H5Cl2O), 223.0 (9.6) (M-C10H5Cl2O-2CH3), 179.1 (20.8) (M-C10H5Cl2O-
COOC2H5). 
13CNMR: (75MHz) (DMSO): δ: 19.58(2CH3), 14.39(2CH3CH2), 59.92(2CH3CH2), 
167.29(2C=O), 100.64(2C), 149.69(2C, C-2), 33.66(CH), 106.96, 107.30, 159.60(4C of Furan 
ring), 122.41, 124.94, 130.07, 130.48, 131.28, 132.69(6C of 3, 4-dichloro phenyl ring).   
Anal.Calcd.for C23H23Cl2NO5:  C 59.64; H 4.96; N 3.02%. Found:  C 60.45; H 5.21; N 
3.03% 
 
Figure: 23: IR of Diethyl 2, 6-dimethyl-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxylate: (119) 
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Figure: 24: a) EIMS b) 13CNMR of Diethyl 2, 6-dimethyl-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) 
furan-2׳-yl)-1, 4-dihydropyridine-3, 5-dicarboxylate: (119) 
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3.4.1.11 Diethyl 2, 6-dimethyl-4-(5׳-(3׳׳-nitrophenyl) furan-2׳-yl)-1, 4-dihydropyridine-3, 
5-dicarboxylate: (120) 
120
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
 
M.P = 1780C 
Yield = 60.91% 
Molecular formula: C23H24N2O7 
IR (υ-cm-1): 3334.70(N-H stretching), 2360.37(Ar-H), 1684.46(C=O ester), 1537.60-1684.46 
(C-NO2 group). 
Mass Spectra m/z (%): 440.0 (49.5) (M), 411.0 (71.1) (M-2CH3), 367.0 (100) (M-COOC2H5), 
339.0 (13.2) (M-COOC2H5-CH3), 321.0 (13.5) (M-COOC2H5-NO2), 294.0 (10.1) (M-COOC2H5-
NO2-2CH3), 252.1 (15.3) (M-C13H18NO4), 196.0 (13.2) (M-C13H18NO4-2C2H5), 179.0 (9.1) (M-
C13H18NO4-COOC2H5), 150.0 (17.3) (M-C13H18NO4-2CH3). 
1HNMR: (400MHz) (DMSO): δ: 2.379(s, 6H, 2CH3), 1.319(t, 6H, 2CH3CH2, J=10.68Hz), 
4.234(q, 4H, 2CH3CH2, J=12.63Hz), 5.273(s, 1H, CH), 7.266(1H, H-5׳׳), 8.41(1H, H-2׳׳), 
8.15(1H, H-4׳׳), 7.87(1H, H-6׳׳). 
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13CNMR: (75MHz) (DMSO): δ: 19.58(2CH3), 14.39(2CH3CH2), 59.98(2CH3CH2), 
167.27(2C=O), 100.52(2C), 149.56(2C, C-2), 33.68(CH), 107.08, 108.13, 160.05(4C of Furan 
ring), 132.83, 120.95, 148.67, 117.93, 129.47, 132.83(6C of 3-nitro phenyl ring).   
Anal.Calcd.for C23H24N2O7:  C 62.57; H 5.45; N 6.36%. Found:  C 63.49; H 5.68; N 6.48% 
 
Figure: 25: IR of Diethyl 2, 6-dimethyl-4-(5׳-(3׳׳-nitrophenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxylate: (120) 
 
 Figure: 26: a) EIMS b) 1HNMR of 
yl)-1, 4-dihydropyridine-3, 5
 
Diethyl 2, 6-dimethyl-4-(5׳-(3׳׳-nitrophenyl) furan
-dicarboxylate: (120) 
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Figure: 27: 13CNMR of Diethyl 2, 6-dimethyl-4-(5׳-(3׳׳-nitrophenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxylate: (120) 
3.4.1.12 Diethyl 4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine-3, 
5-dicarboxylate: (121) 
121
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
 
M.P = 150-1520C 
Yield = 24.10% 
Molecular formula: C23H24ClNO5 
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Mass Spectra m/z (%): 431 (15.8) (M+2), 429.1 (48.9) (M), 400.0 (55.4) (M-2CH3), 356.0 
(100) (M-COOC2H5), 328.0 (10.7) (M-COOC2H5-2CH3), 283.0 (7.4) (M-COOC2H5), 252.1 (9.9) 
(M-C13H18NO4), 178.0 (13.9) (M-C13H18NO4-COOC2H5). 
1HNMR: (400MHz) (DMSO): δ: 2.355(s, 6H, 2CH3), 1.295(t, 6H, 2CH3CH2, J=10.62Hz), 
4.207(q, 4H, 2CH3CH2, J=12.21Hz), 5.232(s, 1H, CH), 6.484(d, 1H, H-4׳, J=2.49Hz), 7.288(d, 
2H, H-3׳׳, H-5׳׳, J=6.54Hz), 7.469(d, 2H, H-2׳׳, H-6׳׳, J=6.48Hz). 
13CNMR: (75MHz) (DMSO): δ: 14.40 (2CH3), 59.92 (2CH2), 167.43 (2C=O), 100.595 (2C), 
30.985 (CH), 145.305 (2C), 19.581 (2CH3), 158.98 (C), 106.260 (CH), 106.763 (CH), 150.946 
(C), 128.680 (2CH), 129.837 (2CH), 132.120 (C), and 124.466 (CH). 
 
Figure: 28: EIMS of Diethyl 4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-
dihydropyridine-3, 5-dicarboxylate: (121) 
 
 Figure: 29: a) 1HNMR b) 13CNMR of 
dimethyl-1, 4-dihydropyridine
 
Diethyl 4-(5׳-(4׳׳-chlorophenyl) furan
-3, 5-dicarboxylate: (121) 
82 
 
 
-2׳-yl)-2, 6-
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3.5 With ethyl benzoylacetate: 
3.5.1 Diethyl 4-(3׳-nitrophenyl)-2, 6-diphenyl-1, 4-dihydropyridine-3, 5-dicarboxylate: (122) 
122
N
H
NO2
OH3C O CH3
O O
 
M.P, 158-1600C 
Yield, 64 % 
Molecular formula: C29H26N2O6 
Mass Spectra m/z (%): 499.1 (4.2) (M+1), 498.1 (13.3) (M), 469.0 (17.1) (M-CH3), 425.1 
(47.4) (M-COOC2H5), 397.1 (9.2) (M-COOC2H5- C2H5), 376.1 (100) (M-C6H4NO2), 348.1 
(17.3) (M-COOC2H5-C6H5), 320.1 (15.3) (M-C6H4NO2-C2H5), 302.0 (8.2) (M-C6H4NO2-C6H5), 
274.0 (5.9) (M-2COOC2H5-C6H5), 230.1 (8.4) (M-2COOC2H5-C6H5-NO2), 203.1 (7.0) (M-
2COOC2H5-2C6H5), 77.0 (8.0) (C6H5). 
1HNMR: (400MHz) (DMSO): δ:  0.911(s, 6H, 2CH3CH2, J=10.80Hz), 3.909(q, 4H, 2CH3CH2, 
J=7.82Hz), 5.333(s, 1H, CH), 7.366(t, 2H, H-3׳, 3׳׳, J=1.02Hz), 7.386(t, 4H, H-3׳, 5׳, 3׳׳, 5׳׳, 
J=5.28Hz), 7.397(d, 4H, H-2׳, 6׳, 2׳׳, 6׳׳, J=3.15Hz), 7.412(t, 1H, H-5׳׳׳, J=2.25Hz (Nitro 
phenyl part)), 7.420(s, 1H, H-2׳׳׳(Nitro phenyl part)),  8.427(s, 1H, H-4׳׳׳(Nitro phenyl part)).  
13CNMR: (75MHz) (DMSO): δ: 13.669 (2CH3), 60.093 (2CH2), 166.492 (2C=O), 103.342 
(2C), 40.081 (CH), 146.498 (2C), 134.370 (2C, aromatic), 128.512 (4CH, aromatic), 129.132 
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(4CH, aromatic), 128.114 (2CH, aromatic), 148.553 (C, aromatic), 136.136 (CH, aromatic), 
129.576 (CH, aromatic), 121.734 (CH, aromatic), 149.356 (C-N, aromatic), 122.760 (CH, 
aromatic) 
Anal.Calcd.for C29H26N2O6:  C, 69.87; H, 5.26; N, 5.62%. Found: C, 70.74; H, 5.40; N, 5.70% 
 
Figure: 30: EIMS of Diethyl 4-(3׳-nitrophenyl)-2, 6-diphenyl-1, 4-dihydropyridine-3, 5-
dicarboxylate: (122) 
 
 Figure: 31: a) 13CNMR b) 1HNMR of 
dihydropyridine-3, 5-dicarboxylate: 
 
Diethyl 4-(3׳-nitrophenyl)-2, 6-diphenyl
(122) 
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-1, 4-
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3.5.2 Diethyl 4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 4-dihydropyridine-
3, 5-dicarboxylate: (123) 
123
N
H
O
ClCl
O
O
H3C O CH3
O
 
M.P = 1400C 
Yield = 44% 
Molecular formula: C33H27Cl2NO5 
Mass Spectra m/z (%): 581.1(M+4), 579.1(M+2), 558.1 (4.4) (M-C2H5), 523.1 (5.1) (M-C2H5-
Cl), 486.0 (3.2) (M-COOC2H5-C2H5), 417.1 (5.93) (M-COOC2H5-C2H5-2Cl), 369.1 (5.97) (M-
C6H3Cl2-C3H5O2), 340.1 (16.00) (M-C6H3Cl2-C3H5O2-C2H5), 305.1 (14.17) (M-C10H5Cl2O-
C3H5O2), 105.0 (100) (M-C10H5Cl2O-2C6H5-C3H5O2-C2H5O), 77.0 (57.77) (C6H5), 44.0 (29.53) 
(C2H5). 
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Figure: 32: EIMS of Diethyl 4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 
4-dihydropyridine-3, 5-dicarboxylate: (123) 
3.5.3 Diethyl 4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 4-dihydropyridine-
3, 5-dicarboxylate: (124) 
124
N
H
O
ClCl
OH3C
O
O CH3
O
 
M.P = 1450C 
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Yield = 37% 
Molecular formula: C33H27Cl2NO5 
Mass Spectra m/z (%): 591.1(M+4), 589.1(M+2), 560.1 (6.84) (M-2C2H5), 486.0 (3.4) (M-
C2H5-COOC2H5), 420 (2.3) (M-2C6H5-CH3), 371.1 (3.1) (M-2C6H5-C2H5-Cl), 344.1 (7.32) (M-
2C6H5-2C2H5-Cl), 340.1 (19.24) (M-2C6H5-C2H5O-CH3), 312.1 (7.58) (M-2C6H5-2C2H5O), 
283.1 (1.2) (M-2C6H5-C2H5O-COOC2H5), 265.0 (2.3) (M-2C6H5- 2Cl-C2H5-COOC2H5), 249.1 
(8.76) (M-2C6H5- 2Cl-C2H5O-COOC2H5), 216.1 (1.2) (M-2C6H5-COOC2H5- C6H3Cl2), 173.0 
(36.14) (M-2C6H5-COOC2H5- C6H3Cl2-C2H5O), 105.0 (100) (M-C10H5Cl2O-2C6H5-C3H5O2-
C2H5O), 77.0 (57.77) (C6H5), 44.0 (29.53) (C2H5). 
13CNMR: (75MHz) (DMSO): δ: 14.103(2CH3), 30.958(CH), 61.579(2CH2), 108.900(C-Furan), 
125.833(4-CH, aromatic), 128.582(7-CH, aromatic), 133.058(2C-Cl, aromatic), 133.830(2-CH, 
aromatic), 149.207(2C-NH), 155.012(C-furan). 
 
Figure: 33: EIMS of Diethyl 4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 
4-dihydropyridine-3, 5-dicarboxylate: (124) 
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Figure: 34: 13CNMR of Diethyl 4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 
4-dihydropyridine-3, 5-dicarboxylate: (124) 
3.5.4 Diethyl 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 4-dihydropyridine-3, 5-
dicarboxylate: (125) 
125
N
H
O
Br
O
OH3C O CH3
O
 
M.P = 1340C 
Yield = 28% 
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Molecular formula: C33H28BrNO5 
Mass Spectra m/z (%): 599.9(M+2), 582.1 (10.08) (M-CH3), 506.0 (5.16) (M-CH3-C6H5), 
431.0 (4.92) (M-CH3-2C6H5), 396.1 (6.63) (M-Br-C2H5O-C6H5), 352.1 (11.74) (M-CH3-C6H5-
C6H4Br), 322.1 (6.81) (M-CH3-C6H5-C6H4Br-C2H5), 215.1 (13.56) (M-C10H6BrO-CH3-C3H5O2-
C6H5), 185.0 (24.64) (M-C10H6BrO-CH3-C3H5O2-C6H5-CH3O), 139.1 (8.46) (M-CH3-C10H6BrO-
2C6H5- C3H5O2), 105.1 (100) (M- C10H6BrO-2C6H5- C3H5O2-C2H5O), 79.9 (7.46) (Br) , 77.1 
(46.43) (C6H5). 
1HNMR: (300MHz) (DMSO): δ: 1.147(t, 6H, 2CH3CH2COO, J=14.1Hz), 4.184(q, 4H, 
2CH3CH2COO, J=13.8Hz), 3.313(s, 1H, C-4), 7.495(d, 2H, H-2׳, 6, J=8.4Hz), 7.556(d, 2H, H-3׳, 
5, J=7.2Hz), The phenyl groups of two amide linkages present at 3- and 5-position show 
following  values: 
7.495(d, 4H, H-1, H-6, of both phenyl groups, J=8.4Hz), 7.164(t, 4H, H-3, 5, of both phenyl 
groups, J=3.3Hz), 7.119(t, 2H, H-4, of both phenyl groups, J=5.1Hz) 
13CNMR: (75MHz) (DMSO): δ: 14.101(2CH3), 61.509(2CH2), 30.951(CH), 165.016(2C=O), 
148.779(2C), 136.408(2CH-aromatic), 128.735(4CH-aromatic), 126.920(4CH-aroamtic), 
156.462(2C), 108.198(CH-furan), 129.231(3CH-aromatic), 133.715(2CH-aromatic), 122.570(C-
Br). 
 Figure: 35: a) EIMS b) 1
diphenyl-1, 4-dihydropyridine
HNMR of Diethyl 4-(5׳-(4׳׳-bromophenyl) furan
-3, 5-dicarboxylate: (125) 
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-2׳-yl)-2, 6-
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Figure: 36: 13CNMR of Diethyl 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 4-
dihydropyridine-3, 5-dicarboxylate: (125) 
3.5.5 Diethyl 4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 4-dihydropyridine-3, 5-
dicarboxylate: (126) 
126
N
H
O
NO2
O CH3
OO
OH3C
 
M.P = 1020C 
Yield = 60% 
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Molecular formula: C33H28N2O7 
Mass Spectra m/z (%): 564.2 (2.2) (M), 532.2  (4.92 ) (M-C2H5), 519.2 (1.2) (M-NO2), 491.2 
(11.37) (M-COOC2H5), 445.2 (1.2) (M-COOC2H5-NO2), 429.2 (3.1) (M-C6H5-NO2-CH3), 391.1 
(1.1) (M-C6H5-NO2-CH3-CH2O), 360.2 (8.27) (M-C10H6NO3-CH3), 346.1 (5.41) (M-C10H6NO3-
2CH3), 302.1 (4.27) (M- C10H6NO3- C3H5O2), 258.1 (14.13) (M- C10H6NO3- C3H5O2-C2H5O), 
229.1 (13.15) (M- C10H6NO3- C3H5O2- C6H5), 201.1 (5.46) (M- C10H6NO3- C3H5O2- C6H5-
C2H5), 188.1 (5.46) (M- C23H22NO4), 106.0 (7.49 ) (M- C10H6NO3-2 C6H5- C3H5O2), 105.0 (100) 
(M- C10H6NO3-2 C6H5- C3H5O2- C2H5O), 77.0 (74.26) (C6H5). 
13CNMR: (75MHz) (DMSO): δ:  14.094 (2CH3), 61.658 (2CH2), 112.760 (2C), 127.753 (4CH), 
147.153 (2C), 133.827 (3CH-aromatic), 136.290 (3CH), 150.923 (C), 128.948 (10CH), 164.791 
(2C=O). 
 
Figure: 37: EIMS of Diethyl 4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 4-
dihydropyridine-3, 5-dicarboxylate: (126) 
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Figure: 38: 13CNMR of Diethyl 4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 4-
dihydropyridine-3, 5-dicarboxylate: (126) 
3.6 With acetyl acetone 
3.6.1 3, 5-diacetyl-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine: 
(127) 
127
N
H
O
H3C
Cl
CH3
COCH3H3COC
 
M.P = 140-1420C 
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Yield = 56% 
Molecular formula: C21H20ClNO3 
IR (υ-cm-1): 1646.78(C=O), 3434.80(N-H stretching). 
Mass Spectra m/z (%): 371.0 (1.2) (M+2), 369.0 (11.1) (M), 326.0 (26.8) (M-COCH3), 288.0 
(100) (M-C5H6O), 273.0 (58.3) (M-C5H6O-CH3), 253.0 (17.2) (M-C5H6O-Cl), 231.0 (93.4) (M-
C5H6O-COCH3-CH3), 192.1 (7.3) (M-C10H6ClO), 177.0 (9.6) (M-C11H14NO2), 149.0 (22.2) (M-
C10H6ClO-COCH3), 139.0 (30.7) (M-C10H6ClO-COCH3-CH3), 111.0 (10.1) (M-C15H16NO3), 
97.1 (6.5) (M-C10H6ClO-2COCH3-CH3), 83.1 (6.8) (M-C10H6ClO-2COCH3-2CH3), 57.1 (10.8) 
(M-C10H6ClO-C5H7O-COCH3-CH3), 43.0 (44) (M-C19H17ClNO2). 
13CNMR: (75MHz) (DMSO): δ: 20.39(2CH3), 26.12(2CH3CO), 29.56(CH), 148.36(2CH3-
CNH), 108.60(2C-CO-CH3), 157.10(2C-furan, C-2׳, 5׳), 106.11(C-3׳), 107.41(C-4׳), 128.81(3C-
aromatic, -1׳׳, 2׳׳, 6׳׳), 129.31(2C-aromatic, C-3׳׳, 5׳׳), 134.89(C-Cl, aromatic, C-4׳׳). 
 
Figure: 39: EIMS of 3, 5-diacetyl-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-
dihydropyridine: (127) 
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Figure: 40: 13CNMR of 3, 5-diacetyl-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-
dihydropyridine: (127) 
3.6.2 3, 5-diacetyl-4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-
dihydropyridine: (128) 
N
H
O
H3C CH3
COCH3H3COC
NO2Cl
128
 
M.P = 1520C 
Yield = 43% 
Molecular formula: C21H19ClN2O5 
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Mass Spectra m/z (%): 416.0(M+2), 414.0 (6.7) (M), 397.0 (67.9) (M-CH3), 371.0 (70.5) (M-
COCH3), 356.9 (6.2) (M-COCH3-CH3), 339.1 (3.6) (M-COCH3-Cl), 324.0 (7.0) (M-COCH3-
NO2), 244.0 (9.0) (M-C6H3ClNO3-CH3), 228.0 (54.1) (M-C6H3ClNO3-2CH3), 218.1 (17.4) (M-
C6H3ClNO3-COCH3), 204.1 (17.4) (M-C6H3ClNO3-COCH3-CH3), 192.1 (33.6) (M-
C10H5ClNO3), 176.1 (13.6) (M-C10H5NO3-CH3), 165.0 (10.5) (M-C10H5NO3-2CH3), 149.1 (12.8) 
(M-C10H5NO3-COCH3), 137.0 (13.5) (M-C10H5NO3-COCH3-CH3), 106.1 (6.8) (M-C10H5NO3-
2COCH3). 
13CNMR: (75MHz) (DMSO): δ:  20.551 (2CH3), 26.141 (2CH3), 196.720 (2C=O), 113.238 
(2C), 149.772 (2C), 29.885 (CH), 149.772 (C-Furan), 107.182 (CH-furan), 109.713 (CH-furan), 
145.143 (C-furan), 132.749 (C-aromatic), 128.210 (CH-aromatic), 139.427 (C-Cl), 130.423 
(CH), 123.872 (CH), 145.143 (C-N). 
 
Figure: 41: EIMS of 3, 5-diacetyl-4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
dimethyl-1, 4-dihydropyridine: (128) 
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Figure: 42: 13CNMR of 3, 5-diacetyl-4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
dimethyl-1, 4-dihydropyridine: (128) 
3.6.3 3, 5-diacetyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-
dihydropyridine: (129) 
129
N
H
O
H3C CH3
COCH3H3COC
Cl
O2N
 
M.P = 1850C 
Yield = 30% 
Molecular formula: C21H19ClN2O5 
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Mass Spectra m/z (%): 416.1 (11.47) (M+2), 414.1 (39.44) (M), 371.1 (100) (M-COCH3), 
355.1 (5.80) (M-COCH3-CH3), 341.1 (13.57) (M-COCH3-2CH3), 325.1 (29.16) (M-COCH3-
NO2), 290.1(5.08) (M-COCH3-NO2-Cl), 250.0 (M-2COCH3-NO2-Cl) , 230.1 (78.96) (M-
C6H3ClNO2-2CH3), 192.1 (23.26) (M-C10H5ClNO3), 176.1 (20.12) (M-C10H5ClNO3-CH3), 154.0 
(12.8)  (M-C11H14NO2-C4H3O). 
 
Figure: 43: EIMS of 3, 5-diacetyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
dimethyl-1, 4-dihydropyridine: (129) 
3.6.4 3, 5-diacetyl-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-
dihydropyridine: (130) 
130
N
H
O
H3C CH3
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Cl Cl
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M.P = 196-1980C 
Yield = 53% 
Molecular formula: C21H19Cl2NO3 
Mass Spectra m/z (%): 407.1 (3.97) (M+4), 406.1 (5.65)  (M+3), 405.1 (24.65) (M+2), 404.1 
(12.99) (M+1), 403.1 (41.41) (M), 368.1 (3.28) (M-Cl), 360.1 (100) (M-COCH3), 318.1 (12.94) 
(M-2COCH3), 282.1 (M-2COCH3-Cl), 230.1 (85.52) (M-C6H3Cl2-2CH3), 216.1 (13.03) ((M-
C6H3Cl2-COCH3), 192.1 (22.70) (M-C10H5Cl2O), 150.1 (3.66) (M-C10H5Cl2O-COCH3), 134.1 
(6.54) (M-C10H5Cl2O-COCH3-CH3), 106.1 (4.74) (M-C10H5Cl2O-2COCH3), 77.0 (C6H5), 43.0 
(22.54) (COCH3).  
1HNMR: (300MHz) (DMSO): δ:  2.29(s, 6H, 2CH3), 2.40 (s, 6H, 2CH3), 5.223(s, 1H, CH), 
7.533(d, 2H, H-3׳׳, 4׳׳, J=0.87Hz), 7.606(s, 1H, H-5׳׳). 
 
Figure: 44: EIMS of 3, 5-diacetyl-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 
4-dihydropyridine: (130) 
 Figure: 45: 1HNMR of 3, 5-diacetyl
1, 4-dihydropyridine: (130) 
3.6.5 3, 5-diacetyl-4-(5׳-(4׳׳-
(131) 
M.P = 2220C 
Yield = 39% 
-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan
nitrophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4
131
N
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O
H3C CH3
COCH3H3COC
O2N
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-2׳-yl)-2, 6-dimethyl-
-dihydropyridine: 
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Molecular formula: C21H20N2O5 
Mass Spectra m/z (%): 380.2 (17.6) (M), 350.2 (24.81) (M-2CH3), 337.1 (52.91) (M-COCH3), 
333.2 (M-NO2), 307.2 (41.06) (M-COCH3-2CH3), 291.1 (23.75) (M-COCH3-NO2), 263.1 (M-
COCH3-NO2-2CH3), 230.1 (51.90) (M-C6H4NO2-2CH3), 216.1 (M-C6H4NO4-COCH3), 192.1 
(21.91) (M-C10H6NO3), 176.1 (40.82) (M-C10H6NO3-CH3), 149.0 (20.36) (M-C10H6NO3-
COCH3), 120.1 (44.90) (M-C10H6NO3-COCH3-2CH3), 106.1 (26.44) (M-C10H6NO3-2COCH3), 
83.1 (28.75) (M-C10H6NO3-2COCH3-2CH3), 77.0 (33.60) (C6H5). 
 
Figure: 46: EIMS of 3, 5-diacetyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-
dihydropyridine: (131) 
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3.6.6 3, 5-diacetyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine: 
(132) 
132
N
H
O
H3C CH3
COCH3H3COC
NO2
 
M.P = 155-1580C 
Yield = 62% 
Molecular formula: C21H20N2O5 
Mass Spectra m/z (%): 381.2 (M+1), 380.2 (7.86) (M), 364.2 (M-CH3), 337.2 (100) (M-
COCH3), 321.2 (8.59) (M-COCH3-CH3), 290.1 (7.62) (M-COCH3-NO2), 276.1 (M-COCH3-
NO2-CH3), 262.1 (7.18) (M-COCH3-NO2-2CH3), 228.1 (79.11) (M-C6H4NO2-2CH3), 192.1 
(39.50) (M-C10H6NO3), 176.1 (12.39) (M-C10H6NO3-CH3), 149.1 (14.48) (M-C10NO3-COCH3), 
105.0 (7.51) (M-C10NO3-2COCH3), 77.0 (6.49) (M-C15H16NO3-NO2) and 43.0 (M-C19H17N2O4) 
(21.71). 
13CNMR: (75MHz) (DMSO): δ:  20.529 (2CH3), 147.168 (2C), 110.146 (2C), 197.003 (2C=O), 
29.927 (2CH3), 147.301 (2C), 107.037 (2CH), 131.621 (C), 127.913 (2CH), 131.621 (CH), 
123.666 (CH), 145.457 (C-N). 
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Figure: 47: a) EIMS b) 13CNMR of 3, 5-diacetyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
dimethyl-1, 4-dihydropyridine: (132) 
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3.7 With acetoacetanilide: 
3.7.1 2, 6-dimethyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-N3, N5-diphenyl-1, 4-
dihydropyridine-3, 5-dicarboxamide: (133) 
133
N
H
H3C
O
O2N
CH3
N
H
N
H
OO
 
M.P = 2100C 
Yield = 55% 
Molecular formula: C31H26N4O5 
1HNMR: (300MHz) (DMSO): δ:  2.107(s, 6H, 2CH3), 5.339(s, 1H, H-4, CH), 8.013(s, 2H, 
2NH-amide), 9.566(s, 1H, NH-dihydropyridine), 5.339(s, 1H, H-3׳), 6.266(d, 1H, H-4׳, 
J=3.3Hz), 7.782(d, 2H, H-2׳׳, 6׳׳, J=8.1Hz), 8.132(d, 2H, H-3׳׳, 5׳׳, J=5.43Hz), 7.631(d, 4H, H-2, 
6(3-amide), H-2, 6(5-amide), J=6.2Hz), 7.232(t, 4H, H-3, 5(3-amide), H-3, 5(5-amide), 
J=14.40Hz), 7.057(t, 2H, H-4(3-amide), H-4(5-amide), J=3.0Hz).  
13CNMR: (75MHz) (DMSO): δ: 17.473(2C, 2CH3), 26.237(CH, C-4), 150.476(2C, C-2, 6), 
102.356(3C, C-3, 5, 3׳), 165.282(2C=O, amide), 150.476(C-2׳), 107.775(C-4׳), 153.925(C-5׳), 
134.442, 128.526, 121.505, 146.474(C-1׳׳-6׳׳), The phenyl groups of both the amide groups 
show peaks at following positions: 
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134.376(C-1), 122.809(2C, C-2, C-6), 129.034(C-3, 5), 124.284(C-4) 
 
 
Figure: 48: a) 1HNMR b) 13CNMR of 2, 6-dimethyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-N3, 
N5-diphenyl-1, 4-dihydropyridine-3, 5-dicarboxamide: (133) 
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3.7.2 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-2, 6-dimethyl-N3, N5-diphenyl-1, 4-
dihydropyridine-3, 5-dicarboxamide: (134) 
134
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M.P = 2390C 
Yield = 38% 
Molecular formula: C31H26BrN3O3 
Mass Spectra m/z (%): 569(M+2), 567.2 (13.25) (M), 474.2 (82.36) (M-C6H5-CH3), 380.0 
(5.04) (M- 2C6H5-2CH3), 354.0 (4.04) (M- 2C6H5-2CH3-2NH), 279.1 (10.77) (M-C6H4Br-
C7H6NO- CH3), 267.1 (14.60) (C6H4Br-C7H6NO-2CH3), 119.1 (39.94) (M-C24H22BrN2O2), 93.1 
(22.61) (M-C25H22BrN2O3). 
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Figure: 49: EIMS of 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-2, 6-dimethyl-N3, N5-diphenyl-1, 
4-dihydropyridine-3, 5-dicarboxamide: (134) 
3.8 With N-(4-chlorophenyl)-3-oxobutanamide: 
3.8.1 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 
4-dihydropyridine-3, 5-dicarboxamide: (135) 
135
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M.P = 2390C 
Yield = 38% 
 Molecular formula: C31H23Cl
Mass Spectra m/z (%): 633.2
549.0 (13.0) (M-2CH3-NH-Cl), 530.7
414.1 (25.0) (M-C10H5Cl2O), 391.3
C7H5ClNO-C6H5ClN-Cl), 280.0
2C7H5ClNO-2CH3-2Cl), 212.1
139.1 (14.0) (M-C24H18Cl3N2O
Figure: 50: EIMS of N3, N5
2, 6-dimethyl-1, 4-dihydropyridine
4N3O3 
 (M+8), 627.2 (2.5) (M+2),625 (2) (M) 585.4
 (5.2) (M-2CH3-2Cl), 436.0 (100) 
 (38.0) (M-C7H5ClNO-2Cl-CH3), 310.1
 (12.5) (M-C7H5ClNO-C6H5ClN-2Cl), 221.1
 (10.0) (M-C21H18Cl2N3O2), 157.1 (50.0) 
2-O), 122.9 (7.5) (M-C24H8Cl3N2O2-Cl). 
-bis (4-chlorophenyl)-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl)
-3, 5-dicarboxamide: (135) 
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 (3.0) (M-2CH3-NH), 
(M-C7H5ClNO-Cl), 
 (67.5) (M-
 (30.0) (M-
(M-C24H18Cl2N3O2), 
 
 furan-2׳-yl)-
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3.8.2 N3, N5-bis (4-chlorophenyl)-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-
dihydropyridine-3, 5-dicarboxamide: (136) 
136
N
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H3C
O
O
HNCl
CH3
O
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Cl
 
M.P = 2050C 
Yield = 54% 
Molecular formula: C31H24Cl3N3O3 
Mass: m//z: 400.0 (2.5) (M-C7H5ClNO-Cl), 179.1 (100) (M-C21H18Cl2N3O2), 157.1 (100) (M-
C24H19Cl2N2O2). 
 Figure: 51: EIMS of N3, N5
dimethyl-1, 4-dihydropyridine
 
 
 
 
 
-bis (4-chlorophenyl)-4-(5׳-(4׳׳-chlorophenyl)
-3, 5-dicarboxamide: (136) 
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 furan-2׳-yl)-2, 6-
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3.8.3 N3, N5-bis (4-chlorophenyl)-2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxamide: (137) 
137
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M.P = 1900C 
Yield = 49% 
Molecular formula: C31H24Cl2N4O5 
Mass Spectra m/z (%): 626.2 (2.5) (M+Na), 606.2 (7.5) (M+4), 575.3 (5.0) (M-2CH3), 541.4 
(3.75) (M-2CH3-Cl), 518.1 (5.0) (M-2Cl-CH3), 496.0 (10.0) (M-2CH3-Cl-NO2), 476.2 (15.0) (M-
2Cl-2CH3-NO2), 458.3 (12.3) (M-C6H4Cl-Cl), 445.4 (22.5) (M-C6H4Cl-NO2), 435.0 (27.5) (M-
C7H5ClNO-CH3), 414.0 (17.5) (M- C7H5ClNO-CH3-Cl), 391.1 (10.0) (M-C7H5ClNO-CH3-NO2), 
374.1 (2.5) (M-C7H5ClNO-2CH3-NO2), 348.0 (2.5) (M-C10H6NO3-2Cl), 330.1 (15.5) (M-
C10H6NO3-2Cl-CH3), 323.0 (2.5) (M-C7H5ClNO-C6H4Cl-CH3), 298.0 (2.0) (M-C7H5ClNO-
C6H4NO2-2CH3), 276.3 (5.0) (M-C10H6NO3-C6H5ClN-CH3), 251.0 (7.5) (M-2C6H5ClN-NO2), 
242.3 (28.5) (M-C10H6NO3-C6H5ClN-CH3), 233.9 (11.5) (M-C10H6NO3-C6H5ClN-2CH3), 212.1 
(23.5) (M-C10H6NO3-C6H5ClN-Cl-CH3), 179.1 (100) (M-C10H6NO3-C6H4Cl-C6H5ClN), 138.1 
(7.5) (M-C24H19ClN3O4-O). 
 Figure: 52: EIMS of N3, N5
furan-2׳-yl)-1, 4-dihydropyridine
3.8.4 N3, N5-bis (4-chlorophenyl)
dimethyl-1, 4-dihydropyridine
Cl
-bis (4-chlorophenyl)-2, 6-dimethyl-4
-3, 5-dicarboxamide: (137) 
-4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) 
-3, 5-dicarboxamide: (138) 
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H3C
O
O
HN
CH3
O
N
H
Cl
NO2Cl
138
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-(5׳-(2׳׳-nitrophenyl) 
furan-2׳-yl) -2, 6-
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M.P = 2250C 
Yield = 65% 
Molecular formula: C31H23Cl3N4O5 
Mass Spectra m/z (%): 636 (7.5) (M), 592.3 (5.0) (M-NO2), 575.3 (2.0) (M-NO2-CH3), 543.5 
(7.5) (M-NO2-CH3-Cl), 523.8 (2.5) (M-NO2-2Cl), 503.6 (5.0) (M-3Cl-2CH3), 476.1 (8.75) (M-
C6H4Cl-Cl-CH3), 457.0 (6.25) (M-C6H4Cl-2Cl), 437.3 (6.87) (M-C6H5ClN-NO2-2CH3), 415.3 
(15.0) (M-2C6H4Cl), 413.8 (10.0) (M-C10H5ClNO3), 396.3 (3.75) (M-C6H5ClNO2-2Cl-CH3), 
380.3 (25.0) (M-C10H5ClO3-Cl), 366.0 (10.0) (M-C10H5ClNO3-Cl-CH3), 344.9 (7.5) (M-
C10H5ClNO3-2Cl), 326.4 (100) (M-C7H5ClNO-C6H3ClNO2), 303.3 (6.25) (M-2C7H5ClNO-
2CH3), 278.5 (5.0) (M-C7H5ClNO-C6H3NO2-Cl-CH3), 258.0 (13.75) (M-C6H3ClNO2-2C6H4Cl), 
235.9 (10.0) (M-C10H5ClNO3-C7H5ClNO-2CH3), 212.1 (23.75) (M-C10H5ClNO3-C7H5ClNO-
CH3-Cl), 186.0 (11.0) (M-C21H18Cl2N2O3-Cl), 167.9 (6.25) (M-C23H19Cl2N3O4), 140.9 (26.5) 
(M-C24H18Cl2N3O4-O), 133.1 (25.5) (M-C6H3ClNO2-2C7H5ClNO-2CH3-NH), 128.2 (25.5) (M-
C25H18Cl2N3O5), 124.1 (7.5) (M-C25H18Cl2N3O5). 
 Figure: 53: EIMS of N3, N5-
yl)- -2, 6-dimethyl-1, 4-dihydropyridine
3.8.5 N3, N5-bis (4-chlorophenyl)
dimethyl-1, 4-dihydropyridine
Cl
M.P = 2200C 
bis (4-chlorophenyl)-4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl)
-3, 5-dicarboxamide: (138) 
-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan
-3, 5-dicarboxamide: (139) 
139
N
H
H3C
O
O
HN
CH3
O
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Cl
O2N
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 furan-2׳-
-2׳-yl) -2, 6-
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Yield = 62% 
Molecular formula: C31H23Cl3N4O5 
Mass Spectra m/z (%): 642.0(M+6), 638.0 (5.0) (M+2), 636.0 (4.3) (M), 606.0 (16.2) (M-
2CH3), 507.9 (100) (M-2Cl-NO2-CH3), 478.0 (42.1) (M-C6H4Cl-NO2), 451.0 (4.9) (M- C6H4Cl-
NO2-2CH3), 381.0 (5.4) (M-C10H5ClNO3- Cl), 355.1 (59.2) (M- C18H14ClN2O4-C6H5ClN), 287.1 
(11.9) (M- C10H5ClNO3-C6H5ClN), 276.0 (4.7) (M-C10H5ClNO3- C6H5ClN-CH3) , 246.1 (4.5) 
(M-C10H5ClNO3-C7H5ClNO-CH3), 154.0 (14.3) (M-C24H18Cl2N3O4), 127.1 (7.4) (M-
C25H18Cl2N3O5), 44.0 (2.7) (M-C31H23Cl3N3O3). 
 
Figure: 54: EIMS of N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-
yl) - 2, 6-dimethyl-1, 4-dihydropyridine-3, 5-dicarboxamide: (139) 
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3.9 With N-(2-chlorophenyl)-3-oxobutanamide: 
3.9.1 N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 
4-dihydropyridine-3, 5-dicarboxamide: (140) 
140
N
H
H3C
O
O
HN
CH3
O
N
H
Cl
Cl
Cl
Cl
 
M.P = 800C 
Yield = 55% 
Molecular formula: C31H23Cl4N3O3 
  Mass Spectra m/z (%): 633.0(M+8), 625 (18.9) (M), 624 (41.2) (M-H), 498 (100) (M-
C6H5ClNH), 471 (39.2) (M-C6H5ClNH-CHO), 451 (4.0) (M- C6H5ClNH-2CH3), 429 (11.7) (M- 
C6H5ClNH-2Cl), 389 (2.1) (M-C7H5ClNO-3Cl), 371 (7.7) (M-2C6H6ClNH), 344 (16.7) (M- 
C10H5Cl2O-2Cl), 318 (5.5) (M-2C7H5ClNO), 287 (6.3) (M- C10H5Cl2O- C6H5ClN), 259 (3.1) (M- 
C10H5Cl2O- C7H5ClNO), 212 (6.1) (M- C10H5Cl2O- C7H5ClNO-Cl-CH3), 153 (5.4) (M- 
C24H18Cl3N2O2), 127 (2.3) (M- C25H18Cl3N2O3), 106 (4.5) (M- C10H5Cl2O- 2C7H5ClNO), 90 
(2.4) (M- C10H5Cl2O- 2C7H5ClNO-CH3).  
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Figure: 55: EIMS of N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-
2, 6-dimethyl-1, 4-dihydropyridine-3, 5-dicarboxamide: (140) 
3.9.2 N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 
4-dihydropyridine-3, 5-dicarboxamide: (141) 
141
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Cl
 
M.P = 580C 
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Yield = 29% 
Molecular formula: C31H23Cl4N3O3 
Mass Spectra m/z (%): 633.0(M+8), 629.0(M+4), 627.6 (2.8) (M+2), 625.0 (20.8) (M), 499.0 
(100) (M-C6H5ClN), 461.0 (2.6) (M-4Cl-2CH3), 370.0 (1.2) (M-C6H3Cl2-C6H4Cl), 335.0 (3.6) 
(M-C7H5ClNO-C6H5ClN-CH3), 289.1 (1.7) (M-C10H5Cl2O-C6H5ClN), 261.1 (1.9) (M-
C10H5Cl2O-C7H5ClNO), 173.0 (1.1) (M-2C7H5ClNO-C6H3Cl2), 127.0 (1.8) (M-C25H18Cl3N2O3), 
44.0 (13.5) (M-C6H4Cl-C24H18Cl3N2O2). 
 
Figure: 56: EIMS of N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-
2, 6-dimethyl-1, 4-dihydropyridine-3, 5-dicarboxamide: (141) 
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3.9.3 N3, N5-bis (2-chlorophenyl)-2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxamide: (142) 
142
N
H
H3C
O
O
HN
CH3
O
N
H
NO2
Cl Cl
 
M.P = 750C 
Yield = 45% 
Molecular formula: C31H24Cl4N4O5 
Mass Spectra m/z (%): 549.0 (1.25) (M-C2H6N-CH3), 522.5 (1.25) (M-Cl-NO2), 492.3 (2.5) 
(M-C6H4Cl), 456.9 (2.5) (M-C6H4Cl-Cl), 428.3 (3.5) (M-Cl-CH3-C6H5ClN), 391.1 (2.5) (M-
C7H5ClNO-NO2-CH3), 373.3 (4.0) (M-C7H5ClNO-2CH3-NO2), 353.1 (3.5) (M-C10H6NO3-
2CH3-Cl), 326.4 (100) M-C5H4ClNO-C6H4NO2). 
 Figure: 57: EIMS of N3, 
furan-2׳-yl)-1, 4-dihydropyridine
3.9.4 N3, N5-bis (2-chlorophenyl)
dimethyl-1, 4-dihydropyridine
M.P = 660C 
N5-bis (2-chlorophenyl)-2, 6-dimethyl-4
-3, 5-dicarboxamide: (142) 
-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan
-3, 5-dicarboxamide: (143) 
143
N
H
H3C
O
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O
HN
CH3
O
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Cl Cl
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-(5׳-(2׳׳-nitrophenyl) 
-2׳-yl) - 2, 6-
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Yield = 59% 
Molecular formula: C31H23Cl3N4O5 
Mass Spectra m/z (%): 665.6 (2.0) (M+6+Na), 590.1 (3.75) (M-NO2), 557.6 (2.5) (M-NO2-Cl), 
511.6 (1.0) (M-C6H5ClN), 487.3 (2.5) (M-NO2-3Cl), 467.2 (3.0) (M-C6H3ClNO2-CH3), 437.7 
(5.0) (M-C5H7ClNO-NO2), 413.9 (4.8) (M-C10H5ClNO3), 397.1 (2.5) (C6H3ClNO2-2Cl-CH3), 
380.8 (1.5) (M-2C6H4Cl-Cl), 359.4 (11.5) (M-C6H5ClN-C7H5ClNO), 332.0 (15.0) (C10H5ClNO3-
2Cl-CH3), 321.3 (1.5) (M-C6H5ClN-C7H5ClNO-Cl), 300.7 (7.5) (M-2C7H5ClNO-2CH3), 278.8 
(15.0) (M-C10H5ClNO3-C6H4Cl-2CH3), 255.0 (12.5) (M-C10H5ClNO3-C6H5ClN-Cl), 227.1 (13.5) 
(M-C10H5ClNO3-C7H5ClNO-Cl), 219.1 (1.5) (M-C21H18Cl2N3O2), 189.1 (41.5) (M-
C21H18Cl2N3O2), 167.1 (100) (M-C23H19Cl2N3O4), 152.2 (12.5) (M-C7H5ClNO-C10H5ClNO3-
C6H4Cl), 130.1 (77.5) (M-C10H5ClNO3-C12H13ClN2O-Cl-O), 122.2 (12.5) (M-Cl-
C25H20Cl2N3O3), 108.8 (25.0) (M-C10H5ClNO3-2C7H5ClNO). 
 Figure: 58: EIMS of N3, N5
yl) - 2, 6-dimethyl-1, 4-dihydro
3.9.5 N3, N5-bis (2-chlorophenyl)
4-dihydropyridine-3, 5-dicarboxamide: (144)
M.P = 1100C 
-bis (2-chlorophenyl)-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan
pyridine-3, 5-dicarboxamide: (143) 
-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2
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-2׳-
׳-yl)-2, 6-dimethyl-1, 
 Yield = 56% 
Molecular formula: C31H23Cl
Mass Spectra m/z (%): 633.0(M+6), 
(M-C6H5ClN), 476.4 (2.5) (M
C7H5ClNO-Cl), 416.3 (8.5) (M
(M-C7H5ClNO-C6H4Cl), 336.3
2CH3), 282.2 (2.5) (M-2C7H
(5.5) (M-C10H5Cl2O-Cl-C6H5
(M-C21H16Cl3N2O2-Cl) 
Figure: 59: EIMS of N3, N5
2, 6-dimethyl-1, 4-dihydropyridine
4N3O3 
628.2 (10.0) (M+3), 542.5 (5.0) (M
-4Cl-CH3), 457.0 (3.5) (M-C7H5ClNO-CH
-C10H5Cl2O), 391.1 (3.5) (M-C7H5ClNO-
 (6.5) (M-C6H3Cl2-C6H4Cl), 301.3 (5.0) (M
5ClNO-Cl), 242.2 (15.0) (M-C10H5Cl2O-Cl-
ClN-O-2CH3), 179.1 (100) (M-C21H18Cl2N
-bis (2-chlorophenyl)-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan
-3, 5-dicarboxamide: (144) 
124 
-2Cl-CH3), 497.5 (4.5) 
3), 434.0 (4.7) (M-
2Cl-CH3), 359.0 (2.5) 
-C6H3Cl2-C7H5ClNO-
C6H5ClN-CH3), 217.2 
3O2-Cl), 157.1 (27.5) 
 
-2׳-yl)-
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3.10 With acetophenone and malononitrile 
3.10.1 2-Amino-3-cyano-4, 6-diphenyl-1, 4-dihydropyridine: (145) 
N
H
CN
NH2C6H5
145
 
M.P = 1700C 
Yield = 75% 
Molecular formula: C18H15N3 
Mass Spectra m/z (%): 273.2 (2.08) (M), 271.2 (100) (M-2H), 256.2 (3.13) (M-NH3), 244.2 
(6.13) (M-NH3-NH), 207.2 (7.65) (M-C3H3N2), 194.1 (5.71) (M-C3H3N2-NH), 77.0 (10.78) 
(C6H5). 
13CNMR: (75MHz) (DMSO): δ: 117.173(CN), 160.268(C), 137.942(C), 88.278(CH), 
30.976(CH), 128.827(CH-aromatic), 127.344(3CH-aromatic), 128.190(CH-aromatic), 
155.150(C-aromatic), 129.953(CH-aromatic). 
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Figure: 60: a) EIMS b) 13CNMR of 2-Amino-3-cyano-4, 6-diphenyl-1, 4-dihydropyridine: 
(145) 
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3.11 With acetylacetone and malononitrile 
3.11.1 5-Acetyl-2-Amino-3-cyano-6-methyl-4-phenyl-1, 4-dihydropyridine: (146) 
N
H
NH2H3C
H3COC CN
146
 
M.P = 1700C 
Yield = 75% 
Molecular formula: C18H15N3 
Mass Spectra m/z (%): 237.1 (6.71) (M-NH3), 221.1 (2.88) (M-NH3-CH3), 210.1(100) (M-CN), 
192.1 (44.05) (M-NH3-COCH3), 77.0 (5.43) (M-NH3-C9H9N2O), 119.0 (4.17) (M-NH3-
C9H9N2O- COCH3), 105.0 (3.78) (M- NH3-C9H9N2O- COCH3-CH3).  
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Figure: 61: EIMS of 5-Acetyl-2-Amino-3-cyano-6-methyl-4-phenyl-1, 4-dihydropyridine: 
(146) 
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3.12 Aromatization 
The methods that have been used for the aromatization of Hantzsch dihydropyridines are: 
1st procedure: (A) 0.002mmol of dihydropyridine was taken along with 5-6mL DMSO as 
solvent and oxidizing agent, heated on water bath for 2-3hours. The proceeding of the reaction 
was monitored by TLC. The reaction mixture was poured in ice or chilled water. Precipitates 
were filtered dried and washed with water and cold ethanol. Then purity was checked by TLC, 
melting point was taken and percent yield was calculated. 
2nd Procedure: (B) 0.002mmol of dihydropyridine was taken along with 5-6mL DMSO and a 
few drops of Conc. Nitric acid, heated on water bath for 2-3hours. The proceeding of the reaction 
was monitored by TLC. The reaction mixture was poured in ice or chilled water. Precipitates 
were filtered dried and washed with water and cold ethanol. Then purity was checked by TLC, 
melting point was taken and percent yield was calculated. 
3rd Procedure :( C)  Equimolar quantities of dihydropyridine and bleaching powder were taken 
along with 5mL of water and 5mL of ethyl acetate. The mixture was stirred at room temperature 
for 5 minutes, and then extracted with water and ethyl acetate. Precipitates were filtered dried 
and washed with water and cold ethanol. Then purity was checked by TLC, melting point was 
taken and percent yield was calculated134. 
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1st  procedure: (A) 
3.12.1 Diethyl 4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6 diphenylpyridine-3, 5-dicarboxylate: 
(147) 
147
N
O
Cl
O CH3
O
OH3C
O
 
 
M.P = 1280C 
Yield = 44% 
Molecular formula: C33H26ClNO5 
Mass Spectra m/z (%): 551.2 (M), 493.2 (3.93) (M-2C2H5), 480.2 (M-COOC2H5), 445.1 (3.15) 
(M-COOC2H5-Cl), 418.1 (5.15) (M-COOC2H5-Cl- C2H5), 380.1 (30) (M-C6H5-2C2H5-Cl), 339.1 
(5.46) (M-C6H5-C2H5-Cl-COOC2H5), 278.1 (7.31) (M-C6H4Cl-C6H5-COOC2H5-CH3), 215.1 
(10.22) (M-C6H4Cl-2C6H5-COOC2H5), 105.1 (100) (M-C10H6ClO-2C6H5-COOC2H5- C2H5O), 
77.0 (47.12) (C6H5). 
1HNMR: (300MHz) (DMSO): δ:  1.42(t, 6H, 2CH3CH2, J=10.5Hz), 4.238(q, 4H, 2CH3CH2, 
J=15.93Hz), 6.605(d, 1H, H-3, J=2.52Hz), 6.759(d, 1H, H-4, J=2.58Hz), 7.479(d, 2H, H-2, 6), 
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7.230(d, 2H, H-3, 5, J=1.989Hz), 8.058(d, 4H, H-2, 6, 2, 6, J=5.64Hz), 7.50(t, 4H, H-3, 5, 3, 5, 
J=2.22Hz), 7.117(t, 2H, H-4, 4, J=2.99Hz). 
13CNMR: (75MHz) (DMSO): δ:  14.104 (2CH3), 61.493 (2CH2), 108.102 (2C), 127.753 (4CH), 
128.854 (3CH), 129.247 (6CH-aromatic), 136.502 (2C), 148.810 (2C), 156.481 (2C), 165.026 
(2C=O). 
 
Figure: 62: EIMS of Diethyl 4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6 diphenylpyridine-3, 5-
dicarboxylate: (147) 
 Figure: 63: a) 1HNMR b) 13CNMR of 
diphenylpyridine-3, 5-dicarboxylate: (147)
 
Diethyl 4-(5׳-(4׳׳-chlorophenyl) furan
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-2׳-yl)-2, 6 
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3.12.2 Diethyl 4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-diphenylpyridine-3, 5-dicarboxylate: 
(148) 
148
N
O
O2N
O
O
CH3O
O
H3C
 
M.P = 1500C 
Yield = 56% 
Molecular formula: C33H28N2O7 
Mass Spectra m/z (%): 562.2(M), 438.1 (5.03) (M-C6H4NO2), 361.2 (20.60) (M-C10H6NO3-
CH3), 317.1 (15.28) (M-C10H6NO3-CH3-C2H5O), 287.1 (6.11) (M-C10H6NO3-2C2H5O), 242.1 
(3.93) (M- C10H6NO3- C2H5O-C6H5-CH3), 213.1 (5.25) (M- C10H6NO3- C3H5O2-C6H5- CH3), 
150.0 (26.77) (M- C10H6NO3-2C6H5- C3H5O2), 120.1 (11.20) (M- C27H22NO5), 105.0 (100) (M-
C10H5Cl2O-2C6H5-C3H5O2-C2H5O), 77.0 (47.73) (C6H5), 44 (25.64) (C2H5). 
13CNMR: (75MHz) (DMSO): δ:  14.100(2CH3), 61.759(2CH2), 164.757(2C=O), 119.897(2C-
pyridine), 150.267(2CH-pyridine), 147.015(C-pyridine), 154.731(2C-furan), 111.119(2CH-
furan), 127.027(4CH-aromatic), 136.267(2CH-aromatic), 129.238(4CH-aromatic), 
128.680(2CH-aromatic), 124.166(2CH-aromatic), 136.267(CH-aromatic), 150.267(C-N, 
aromatic). 
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Figure: 64: a) EIMS b) 13CNMR of Diethyl 4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
diphenylpyridine-3, 5-dicarboxylate: (148) 
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3.12.3 Diethyl 4-(3׳-nitrophenyl)-2, 6-diphenylpyridine-3, 5-dicarboxylate: (149) 
149
N
NO2
O
O
H3C O
O
CH3
 
M.P = 1250C 
Yield = 39% 
Molecular formula: C29H24N2O6 
Mass Spectra m/z (%): 496.2 (18.71) (M), 467.2 (100) (M-C2H5), 421.1 (7.51) (M-COOC2H5), 
395.0 (20.29) (M-COOC2H5-C2H5), 348.1 (13.45) (M-2COOC2H5), 304.2 (12.66) (M-C6H5-
COOC2H5-NO2), 200.1 (15.21) (M-2C6H5-2COOC2H5), 77.1 (26.14) (C6H5). 
1HNMR: (300MHz) (DMSO): δ:  0.737(t, 6H, 2CH3CH2COO, J=8.4Hz), 3.850(q, 4H, 
2CH3CH2COO, J=10.9Hz), 8.354(s, 1H, H-2׳), 8.151(d, 1H, H-4׳, J=0.9Hz), 7.508(t, 1H, H-5׳, 
J=3.9Hz), 7.801(d, 1H, H-6׳, J=1.8Hz), The phenyl groups present at 2- and 6-positions show 
the following 1HNMR values: 
7.793(d, 4H, H-2, 6-of both phenyl groups, J=0.9Hz), 7.509(t, 2H, H-4-of both phenyl groups, 
J=3.9Hz), 7.668(t, 4H, H-2, 6-of both phenyl groups, J=3.0Hz) 
13CNMR: (75MHz) (DMSO): δ:  13.04(2CH3CH2COO), 61.48(2CH3CH2COO), 
166.30(2CH3CH2COO), 155.79(2C, C-2, 6), 122.88(2C, C-3, 5), 147.25(C-4), 138.23(C-1׳), 
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123.82(2C, C-2׳, C-4׳), 144.67(C-3׳), 130.15(C-5׳), 134.88(C-6׳), the phenyl groups of amide 
show following peaks: 
136.31(2C, C-1 of both phenyl groups), 126.72(6C, C-2, 4, 6 of both phenyl groups), 129.49(4C, 
C-3, 5 of both phenyl groups) 
 
 
Figure: 65: a) EIMS b) 1HNMR of Diethyl 4-(3׳-nitrophenyl)-2, 6-diphenylpyridine-3, 5-
dicarboxylate: (149) 
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Figure: 66: 13CNMR of Diethyl 4-(3׳-nitrophenyl)-2, 6-diphenylpyridine-3, 5-dicarboxylate: 
(149) 
3.12.4 Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl) pyridine-3, 5-dicarboxylate: 
(150) 
150
N
O
COOC2H5
CH3H3C
C2H5OOC
NO2
 
M.P = 1300C 
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Yield = 25% 
Molecular formula: C23H22N2O7 
Mass Spectra m/z (%): 438.1 (7.72) (M), 408.9 (92.12) (M-2CH3), 337.0 (3.13) (M-2CH3-
COOC2H5), 293.1 (7.52) (M-2COOC2H5), 230.0 (6.31) (M-2COOC2H5-NO2-CH3), 204.0 (100) 
(M-C17H15N2O5-C6H4NO2), 132.0 (49.62) (M-C17H15N2O5-C6H4NO2-COOC2H5), 104.0 (40.91) 
(M-C10H6NO3-C13H16NO4-COOC2H5), 77.0 (34.13) (C6H5). 
1HNMR: (300MHz) (DMSO): δ:  2.490(s, 6H, 2CH3), 1.077(t, 6H, 2CH3CH2COO, J=10.1Hz), 
4.150(q, 4H, 2CH3CH2COO, J=10.20Hz), 6.759(d, 1H, H-3׳, J=3.6Hz), 6.966(d, 1H, H-4׳, 
J=3.0Hz), 7.951(d, 1H, H-3׳׳, J=8.1Hz), 7.627(t, 1H, H-4׳׳, J=3.9Hz), 7.657(t, 1H, H-5׳׳, 
J=5.4Hz), 7.791(d, 1H, H-6׳׳, J=3.6Hz) 
13CNMR: (75MHz) (DMSO): δ:  13.560(2CH3CH2COO), 61.795(2CH3CH2COO), 166.984(4C, 
2CH3CH2COO, C-2, 6), 22.385(2CH3), 114.166(2C, C-3, 5), 146.905(C-4), 155.503(2C, C-2׳, 
5׳), 112.088(C-3׳, 4׳), 130.082(C-1׳׳), 146.905(C-2׳׳), 121.987(C-3׳׳), 128.826(2C, C-4׳׳, 6׳׳), 
132.907(C-5׳׳) 
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Figure: 67: a) EIMS b) 1HNMR of Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl) 
pyridine-3, 5-dicarboxylate: (150) 
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Figure: 68: 13CNMR of Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl) pyridine-3, 
5-dicarboxylate: (150) 
3.12.5 4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-diphenylpyridine: (151) 
151
N
O
C6H5C6H5
Cl
NO2
 
M.P = 1200C 
Yield = 51.11% 
Molecular formula: C27H17ClN2O3 
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Mass Spectra m/z (%): 454.0(M+2), 452.0(M), 277.0 (3.00) (M-C8H8-C6H5), 251.0 (100) (M-
C8H8-C7H5N), 221.0 (39.73) (M-C17H12N), 193.0 (5.80) (M-C6H3ClNO2-CHO-C6H5), 113.1 
(68.51) (M-C21H14NO-NO2), 105.0 (33.96) (M-C19H12ClN2O3). 
 
Figure: 69: EIMS of 4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-diphenylpyridine: 
(151) 
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3.12.6 Diethyl 4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethylpyridine-3 5-
dicarboxylate: (152) 
152
N
O
CH3H3C
Cl
Cl
O
O
CH3OH3C
O
 
M.P = 1400C 
Yield = 50% 
Molecular formula: C23H21Cl2NO5 
Mass Spectra m/z (%): 465.2 (2.27) (M+4), 461.2 (10.48) (M), 386.0 (2.54) (M-COOC2H5), 
358.0 (2.54) (M-COOC2H5-2CH3), 173.0 (100) (M-C6H3Cl2-2COOC2H5), 91.0 (25.96) (M-
C10H5Cl2O-2COOC2H5-CH3). 
13CNMR: (75MHz) (DMSO): δ:  22.22(2CH3), 13.62(2CH3CH2COO), 61.78(2CH3CH2COO), 
114.27(2C, C-3, C-5), 147.01(C-4), 132.75(C-Cl-aromatic), 167.12(4C, 2CH3CH2COO, C-2, C-
6), 155.35(C-2׳, C-5׳), 114.31(C-3׳, C-4׳), 132.74(C-1׳׳, C-5׳׳), 131.90(C-2׳׳, C-4׳׳), 128.62(C-
6׳׳) 
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Figure: 70: a) EIMS b) 13CNMR of Diethyl 4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-
dimethylpyridine-3 5-dicarboxylate: (152) 
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2nd  procedure: (B) 
3.12.7 3, 5-diacetyl-4-(5׳-(2׳׳-chloro-5׳׳-nitrophenyl) furan-2׳-yl)-2, 6-dimethylpyridine (153) 
153
N
O
H3C CH3
ClO2N
O O
CH3H3C
 
M.P = 1500C 
Yield = 35% 
Molecular formula: C21H17ClN2O5 
Mass Spectra m/z (%): 414.0(M+2), 412.0(M), 377.9 (5.6) (M-Cl), 332.0(M-Cl-NO2), 312.0 
(3.8) (M-2C2H3O-CH3), 276.1 (2.4) (M- Cl-NO2-CH3CO-CH3), 267.1 (100) (M-2CH3CO-NO2-
CH3), 250.0 (61.8) (M-Cl-NO2-2CH3CO), 223.1 (8.4) (M-C10H5ClNO3), 184.1 (39.4) (M- 
C6H3ClNO2-C2H3O-2CH3), 148.1 (30.5) (M-C10H5ClNO3-C2H3O), 123.1 (7.5) (M-C15H14NO3-
Cl), 113.1 (35.6) (M- C15H14NO3-NO2), 44 (17.2 ) (M- C19H14ClN2O4). 
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Figure: 71: a) EIMS of 3, 5-diacetyl-4-(5׳-(2׳׳-chloro-5׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
dimethylpyridine (153) 
3.12.8 Diphenyl 4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-dimethylpyridine-3, 5-
dicarboxylate: (154) 
154
N
O
NO2Cl
O CH3OH3C
O O
 
M.P = 1020C 
 Yield = 43% 
Molecular formula: C33H25ClN
Mass Spectra m/z (%): 445.4
CH3), 212.1 (3.5) (M-COOC
(M-C10H9NO2-CH3-C10H5ClNO
Figure: 72: EIMS of Diphenyl 4
dimethylpyridine-3, 5-dicarboxylate: 
2O7 
 (2.5) (M-COOC6H5-2H), 242.3 (11.5) (M
6H5-C10H5ClNO3), 179.1 (100) (M-NO2-C21
3), 130.2 (1.5) (M-C6H3ClNO2-2 COOC6H
-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan
(154) 
146 
-C10H5ClNO3-C6H5O-
H16NO4), 159.1 (8.5) 
5-2 CH3-O). 
 
-2׳-yl)-2, 6-
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3.12.9 Diethyl 4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-diphenylpyridine-3, 5-
dicarboxylate: (155) 
155
N
O
Cl
Cl
O CH3OH3C
O O
 
M.P = 1320C 
Yield = 28% 
Molecular formula: C33H25Cl2N2O5 
Mass Spectra m/z (%): 418.1 (4.66) (M-2C6H5-CH3), 368.8 (6.37) (M-C6H3Cl2-C3H5O2), 339.9 
(14.75) (M-C6H3Cl2-C3H5O2-C2H5), 305.0 (5.94) (M-2Cl-2C6H5-C2H5-CH3), 269.1 (4.23) (M-
C10H5Cl2O-C6H5-C2H5), 249.0 (5.90) (M-2Cl-C3H5O2-C2H5O-2C6H5), 215.1 (7.11) (M-C6H3Cl2-
2C6H5-C3H5O2), 172.9 (45.25) (M-C6H3Cl2-2C6H5-C3H5O2-C2H5O), 105.1 (100) (M-C10H5Cl2O-
2C6H5-C3H5O2-C2H5O), 77.1 (55.59) (M-C27H20Cl2NO5). 
1HNMR: (300MHz) (DMSO): δ:  1.146(t, 6H, 2CH3CH2COO, J=14.10Hz), 4.191(q, 4H, 
2CH3CH2COO, J=2.10Hz), 6.789(d, 2H, H-3, 4, J=8.7Hz), 7.218(d, 1H, H-5, J=3.6Hz), 7.312(d, 
2H, H-3, 6, J=6.9Hz), the phenyl groups positioned at 2 and 6, showed the following values in 
proton spectrum: 
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7.999(d, 4H, H-2, 6, of both phenyl groups), 7.318(t, 4H, H-3, 5, of both phenyl groups), 7.233(t, 
2H, H-4 of both phenyl groups, J=7.5Hz). 
13CNMR: (75MHz) (DMSO): δ:  14.008(2C, CH3CH2COO), 61.208(2C, CH3CH2COO), 
164.196(2C, CH3CH2COO), 114.173(2C, C-3, 5), 148.543(C-4), 151.628(2C, C-2׳, 5׳), 
135.735(2C, C-1׳׳, 4׳׳), 133.605(C-2׳׳), 130.319(2C, C-3׳׳, 6׳׳), 127.269(C-5׳׳), the two phenyl 
groups present at 2- and 6-positions show the following peaks: 
135.735(C-1 of both the phenyl rings), 127.556(C-2, 4, 6 of both the phenyl rings), 129.174(C-3, 
5 of both the phenyl rings) 
 
Figure: 73: EIMS of Diethyl 4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-
diphenylpyridine-3, 5-dicarboxylate: (155) 
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Figure: 74: a) 1HNMR b) 13CNMR of Diethyl 4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-
diphenylpyridine-3, 5-dicarboxylate: (155) 
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3.12.10 Diethyl 4-(5׳-(2׳׳-chloro-4׳´-nitrophenyl) furan-2׳-yl)-2, 6-diphenylpyridine-3, 5-
dicarboxylate: (156) 
156
N
O
Cl
O2N
OH3C O CH3
OO
 
M.P = 1550C 
Yield = 32% 
Molecular formula: C33H25ClN2O7 
Mass Spectra m/z (%):  326.4 (10.5) (M-2C7H5O2), 179.1 (100) (M-C21H16NO4-NO2), 157.1 
(4.5) (M-C25H18NO5) 130.2 (3.5) (M-C10H5ClNO3-C12H12NO2-C2H5O). 
 Figure: 75: EIMS of Diethyl 4
diphenylpyridine-3, 5-dicarboxylate
3.12.11 2, 6-dimethyl-4-(5׳-(3
dicarboxamide: (157) 
M.P = 2010C 
-(5׳-(2׳׳-chloro-4׳´-nitrophenyl) furan-2׳-
: (156) 
׳׳-nitrophenyl) furan-2׳-yl)-N3, N5-diphenylpyridine
157
N
C6H5HNOC
H3C
O
NO2
CONHC6H5
CH3
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yl)-2, 6-
-3, 5-
152 
 
Yield = 40% 
Molecular formula: C31H24N4O5` 
Mass Spectra m/z (%): 532.3 (9.87) (M), 440.1 (59.36) (M-C6H5-CH3), 376.1 (14) (M-2C6H5), 
333.1 (10.62) (M-C7H6NO-C6H5), 242.0 (100) (M-C6H4NO2-2C6H5-CH3), 196.1 (32.80) (M- 
C6H4NO2- C7H6NO-2CH3), 93.1 (82.55) (M- C25H18N3O5), 65.1 (100) (M- C6H4NO- 
C21H18N3O2). 
1HNMR: (300MHz) (DMSO): δ:  2.490(s, 6H, 2CH3), 8.299(2, 2H, 2NH-amide), 6.205(d, 2H, 
H-3׳, 4׳, J=3.3H), 8.229(s, H-2׳׳), 7.866(d, H-4׳׳, J=7.8Hz), 7.686(t, H-5׳׳, J=7.8Hz), 7.686 (d, 
H-6׳׳, J=4.2Hz), the phenyl groups of two amides show the following values at 1HNMR 
spectrum: 7.626(d, 4H, H-2, 6 of both the phenyl groups, J=7.5Hz), 7.255(t, 4H, H-3, 5 of both 
the phenyl rings, J=7.8Hz), 7.000(d, 2H, H-4 of both phenyl rings, J=14.4Hz) 
13CNMR: (75MHz) (DMSO): δ:  17.588(2CH3), 167.157(2C=N), 124.134(2C-C=O), 
167.157(2C=O), 139.283, 120.312, 130.025, 124.994, 120.312(12C-Ar), 139.659, 102.120(4C-
furan), 131.812, 122.792, 139.739, 119.628, 128.877 and 132.227(6C-Ar-NO2). 
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Figure: 76: a) EIMS b) 1HNMR of 2, 6-dimethyl-4-(5׳-(3׳׳-nitrophenyl) furan-2׳-yl)-N3, N5-
diphenylpyridine-3, 5-dicarboxamide: (157) 
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Figure: 77: 13CNMR of 2, 6-dimethyl-4-(5׳-(3׳׳-nitrophenyl) furan-2׳-yl)-N3, N5-
diphenylpyridine-3, 5-dicarboxamide: (157) 
3.12.12 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳׳-yl)-N3, N5-diphenylpyridine-3, 5-
dicarboxamide: (158) 
158
N
C6H5HNOC
H3C
O
NO2
CH3
CONHC6H5
 
M.P = 1930C 
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Yield = 60% 
Molecular formula: C31H24N4O5 
Mass Spectra m/z (%): 532.0 (4.97) (M), 502.1 (2.1) (M-2CH3), 439.9 (13.80) (M-C6H5-CH3), 
398.0 (23.40)  (M-C7H6NO-CH3), 279.0 (52.87) (M-2C7H6NO-CH3), 267.0 (8.68) (M-
2C7H6NO-2CH3), 146.0 (16.13) (M-C21H16N3O4-CH3), 93.0 (89.23) (M-C25H18N3O5), 77.1 (100) 
(C6H5). 
H1NMR: (300MHz) (DMSO): δ: 9.427(2H, s, NHCO), 2.490(6H, s, CH3), 7.699(1H, J=7.8, d, 
Ar-H), 7.242(1H, J=7.8, t, Ar-H), 7.00(1H, J=7.2, t, Ar-H), 7.268(1H, J=7.8, t, Ar-H), 7.673(1H, 
J=7.8, d, Ar-H), 6.211-6.200(2H, J=3.3, d, Furan ring), 8.299(1H, d, Ar-NO2), 7.493(1H, J=9.6, 
t, Ar-NO2), 7.729(1H, J=4.2, t, Ar-NO2), 7.743(1H, J=4.2, d, Ar-NO2). 
13CNMR: (75MHz) (DMSO): δ:  17.588(2CH3), 167.157(2C=N), 124.994(2C-C=O), 
167.157(2C=O), 132.227, 120.312, 130.025, 124.134, 128.877, 122.792(2 phenyl rings), 
139.739, 102.120(4C-furan), 131.812, 139.283, 123.609, 128.495, 128.166, 127.368, 
127.368(6C-Ar-NO2). 
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Figure: 78: a) EIMS b) 1HNMR of 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳׳-yl)-N3, 
N5-diphenylpyridine-3, 5-dicarboxamide: (158) 
 
157 
 
 
Figure: 79: 13CNMR of 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳׳-yl)-N3, N5-
diphenylpyridine-3, 5-dicarboxamide: (158) 
3.12.13 N3, N5-diphenylpyridine-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl- 3, 5-
dicarboxamide: (159) 
N
C6H5HNOC
H3C
O
Cl
CONHC6H5
CH3
159
 
M.P = 1700C 
Yield = 34% 
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Molecular formula: C31H24ClN3O3 
Mass Spectra m/z (%): 523.0 (36.1) (M+2), 521.1 (95.4) (M), 428.9 (100) (M-C6H6N), 401.0 
(3.2) (M-C6H6N-2CH3), 352.0 (2.1) (M-C6H6N-C6H5), 336.0 (3.3) (M-2C6H6N), 310.0 (5.8) (M-
C6H6N-C7H6NO), 290.1 (7.3) (M-C18H14ClN2O-C6H5-Cl), 261.0 (5.3) (M-C18H14ClN2O-C6H5-
Cl-2CH3), 240.0 (1.2) (M- C10H6ClO- C6H6N-CH3), 214.0 (1.4) (M- C10H6ClO- C8H8NO), 176.0 
(4.0) (M-C10H6ClO-C11H12NO), 149.0 (2.3) (M- C10H6ClO- C12H14N2O), 111.0 (4.7) (M-
C25H20N3O3), 93.0 (3.0) (M-C25H18ClN2O3), 77.0 (5.7) (M-C25H19ClN3O3), 44.0 (6.1) (M-C6H5-
C25H19ClN3O3). 
 
Figure: 80: EIMS of N3, N5-diphenylpyridine-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-
dimethyl- 3, 5-dicarboxamide: (159) 
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3.12.14 N3, N5-diphenylpyridine-4--(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
dimethyl- 3, 5-dicarboxamide: (160) 
N
C6H5HNOC
H3C
O
O2N
Cl
CH3
CONHC6H5
160
 
M.P = 1350C 
Yield = 42% 
Molecular formula: C31H23ClN4O5 
Mass Spectra m/z (%): 568.1 (7.0) (M+2), 566.1 (13.2) (M), 536.2 (14.8) (M-2CH3), 474.1 
(94.9) (M-C6H5-CH3), 440.1 (6.2) (M-C6H5-CH3-Cl), 398.1 (100) (M-C6H5-C6H6N), 354.1 (9) 
(M- C7H6NO- C6H6N), 316.1 (7.6) (M- C10H5ClNO3-2CH3), 279.1 (80.7) (M- 2C7H6NO-CH3), 
253.1 (13.0) (M-2C7H6NO-CH3-NO2), 156.0 (7.0) (M-C25H20N3O3), 132.1 (21.3) (M-
C10H5ClNO3-C7H6NO-C6H6N), 93.1 (19.9) (M-C10H5ClNO3-2C7H6NO-CH3), 44.0 (19.2) (M-
C24H17ClN3O4-C6H5). 
1HNMR: (300MHz) (DMSO): δ: 2.541(s, 6H, 2CH3), 6.698(1H, H-3׳, J=3.9Hz), 6.889(d, 1H, 
H-4׳, J=3.9Hz), 10.599(s, 2H, 2NH-amides), 7.999(s, 1H, H-3׳׳), 7.995(d, 1H, H-5׳׳, J=2.1Hz), 
7.561(d, 1H, H-6׳׳, J=9.0Hz), The two phenyl groups of amide groups show the following peaks 
on 1HNMR spectra: 
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7.561(d, 4H, H-2, 6, of both the phenyl groups, J=9.0Hz), 7.279(t, 4H, H-3, 5, of both the phenyl 
groups, J=14.6Hz), 7.065(t, 2H, H-4, of both the phenyl groups, J=13.2Hz) 
13CNMR: (75MHz) (DMSO): δ:  22.10(2CH3), 165.34(4C, C-2, 6, 2C=O), 125.37(2C, C-3, 5), 
146.64(C-4), 154.33(2C, C-2׳, 5׳), 112.32(2C, C-3׳, 4׳), 138.71(C-1׳׳), 133.78(C-2׳׳), 123.82(C-
3׳׳), 149.03(C-4׳׳), 119.08(C-5׳׳), 129.53(C-6׳׳), The two phenyl groups of amide groups show 
the following peaks on 13CNMR spectra: 
133.14(2C, C-1 of both the phenyl groups), 119.77(4C, C-2, 6 of both the phenyl groups), 
130.88(4C, C-3, 5 of both the phenyl groups), 125.37(2C, C-4 of both the phenyl groups) 
 
Figure: 81: EIMS of N3, N5-diphenylpyridine-4--(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-
yl)-2, 6-dimethyl- 3, 5-dicarboxamide: (160) 
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Figure: 82: a) 1HNMR b) 13CNMR of N3, N5-diphenylpyridine-4--(5׳-(2׳׳-chloro-4׳׳-
nitrophenyl) furan-2׳-yl)-2, 6-dimethyl- 3, 5-dicarboxamide: (160) 
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3rd  procedure: (C) 
3.12.15 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-
dimethylpyridine-3, 5-dicarboxamide: (161) 
NH3C
O
O
HNCl
CH3
O
N
H
Cl
Cl
Cl
161
 
M.P = 2100C 
Yield =62% 
Molecular formula: C31H21Cl4N3O3 
Mass Spectra m/z (%):  631.0 (M+8), 625 (5.0) (M+2), 542.5 (2.5) (M-2Cl-CH3), 525.0 (2.5) 
(M-2Cl-2CH3), 503.2 (3.0) (M-C5H6ClN), 474.4 (5.0) (M-C7H5ClNO), 446.3 (3.0) (M-C6H3Cl2-
Cl), 411.2 (3.2) (M- C6H3Cl2-2Cl), 386.2 (6.5) (M- C6H3Cl2-2Cl-2CH3), 364.1 (5.0) (M-
C10H5Cl2O-Cl-CH3), 346.3 (3.5) (M-C10H5Cl2O-2Cl), 321.2 (4.0) (M- C10H5Cl2O-2Cl-2CH3), 
297.1 (5.2) (M-C6H3Cl2-C7H5ClNO-2CH3), 278.1 (8.5) (M- C6H3Cl2-C7H5ClNO-CH3-Cl), 267.2 
(7.5) (M- C7H5ClNO-2CH3-Cl), 239.1 (17.5) (M- C10H5Cl2O-C6H4Cl-2CH3), 219.1 (7.5) (M- 
C6H3Cl2- C7H5ClNO- C6H4Cl), 198.3 (2.5) (M- C10H5Cl2O- C7H5ClNO-Cl-2CH3), 180.1 (26.5) 
(M- C10H5Cl2O-C6H5ClN- C6H4Cl), 177.3 (5.0) (M-C21H18Cl2N3O2-Cl), 157.1 (45.0) (M-
C24H18Cl3N2O2), 130.2 (100) (M- C6H3Cl2-2C6H4Cl-2CH3-NH). 
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Figure: 83: EIMS of N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-
2, 6-dimethylpyridine-3, 5-dicarboxamide: (161) 
3.12.16 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳-chloro-4׳׳-nitro phenyl) furan-2׳-yl)- 2, 6-
dimethylpyridine-3, 5-dicarboxamide: (162) 
NH3C
O
O
HNCl
CH3
O
N
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M.P = 1980C 
 Yield =39% 
Molecular formula: C31H21C
Mass Spectra m/z (%): 638.0 (49.7) (M+4
(M-C7H5ClNO-C6H4Cl), 315.1 (7.1) (M
C6H5ClN-Cl-CH3), 179.1 (100) (M
Figure: 84: EIMS of N3, N5-
2׳-yl)- 2, 6-dimethylpyridine
 
l3N4O5 
), 428.1 (5.0) (M-C6H3ClNO
-C7H5ClNO-CH3), 239.1 (5.7) (M
-C10H5ClNO3-C12H13ClN2O), 157.1 (60) (M
bis (4-chlorophenyl)-4-(5׳-(2׳׳-chloro-4׳׳-nitro phenyl) furan
-3, 5-dicarboxamide: (162) 
164 
2-Cl-CH3), 371.2 (9.0) 
-C10H5ClNO3-
-C24H16Cl2N3O4). 
 
-
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3.12.17 4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-N3, N5-diphenylpyridine-3, 5-
dicarboxamide: (163) 
NH3C
O
Cl
CH3
163
C6H5HNOC CONHC6H5
 
M.P = 1510C 
Yield =54% 
Molecular formula: C31H21ClN3O3 
Mass Spectra m/z (%):  523.2 (3.5) (M+2), 318.9 (2.5) (M-C6H5-C6H6N-Cl), 179.1 (100) (M-
C21H18N3O2), 157.1 (65.0) (M-C6H4Cl-2C7H6NO). 
 
 Figure: 85: EIMS of 4-(5׳-(4
diphenylpyridine-3, 5-dicarboxamide: 
3.12.18 4-(5׳-(4׳׳-bromophenyl) furan
dicarboxamide: (164) 
M.P = 1980C 
Yield =64% 
Molecular formula: C31H24Br
׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-
(163) 
-2׳-yl)-2, 6-dimethyl-N3, N5-diphenylpyridine
N
O
Br
CH3
164
C6H5HNOC CONHC6H5
H3C
 
N3O3 
166 
 
N3, N5-
- 3, 5-
 Mass Spectra m/z (%): 568.1
(M-C10H6BrO-C6H6N-C6H5), 157.1
1HNMR (300MHz) (DMSO): 
7.481-7.451(d, 4H, J=9, Ar-H), 7.349
Ar-H), 6.979-6.966(d, J=3.9, 2H, furan part), 2.590(s, 6H, 2CH
13CNMR: (75MHz) (DMSO): 
138.7, 121.427, 128.953, 124.122, 131.909, 119.499(2
127.934, 132.723, 119.855, 131.520, 127.934(p
Figure: 86: EIMS of 4-(5׳-(4
diphenylpyridine- 3, 5-dicarboxamide: 
 (2.5) (M+3), 242.3 (1.5) (M-C10H6BrO-C6H
 (56.5) (M-C25H22N3O3). 
δ: 10.714(2H, s, NHCO), 7.670-7.643(d, 4H, 
-7.298(m, H-6, J=15.1 Ar-H), 7.122-
3). 
δ:  20.963(2CH3), 165.286(2C=N), 125.8(2C=C), 164.8(2C=O), 
-phenyl), 109.352(2C
-Br phenyl). 
׳׳-bromophenyl) furan-2׳-yl)-2, 6-dimethyl
(164) 
167 
6N-CH3), 179.1 (100) 
J=8.1, Ar-H), 
7.073(m, J=14.7, H-3, 
-furan), 128.672, 
 
-N3, N5-
168 
 
 
 
Figure: 87: a) 1HNMR b) 13CNMR of 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-2, 6-dimethyl-N3, 
N5-diphenylpyridine- 3, 5-dicarboxamide: (164) 
169 
 
3.12.19 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-N3, N5-bis (4-chlorophenyl)-2, 6-
dimethylpyridine-3, 5-dicarboxamide: (165) 
NH3C
O
O
HNCl
CH3
O
N
H
Cl
Br
165
 
M.P = 2050C 
Yield =29% 
Molecular formula: C31H22BrCl2N3O3 
Mass Spectra m/z (%): 639.02 (11.3) (M+4), 638.05 (21.5) (M+3), 636.07 (M+1) (49.0), 
634.98 (100) (M), 507.0 (100) (M-Br-Cl-CH3), 429.1(5.0) (M-C6H5Br-Cl-CH3), 382.0 (9.0) (M-
C10H6BrO-2CH3), 324.1 (7.1) (M-2C7H5ClNO), 301.1 (20.7) (M-C10H6BrO-C6H4Cl), 183.0 
(23.9) (M-C12H13ClN2O-C10H6BrO), 127.0 (4.7) (M-C25H17BrClN2O3). 
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Figure: 88: EIMS of 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-N3, N5-bis (4-chlorophenyl)-2, 6-
dimethylpyridine-3, 5-dicarboxamide: (165) 
3.12.20 N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-
dimethylpyridine-3, 5-dicarboxamide: (166) 
NH3C
O
O
HN
CH3
O
N
H
Cl
Cl
Cl
Cl
166
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M.P = 1670C 
Yield =53% 
Molecular formula: C31H21Cl4N3O3 
Mass Spectra m/z (%): 629.0 (2.6) (M+6), 628.0 (3.3) (M+5), 627.0 (10.3) (M+4), 626.0 (7.0) 
(M+3), 625.0 (20.8) (M+2), 623.0 (15.1) (M), 499.0 (100) (M-C6H5ClN), 461.0 (2.6) (M-
C6H5ClN-Cl), 372.0 (3.1) (M-2C6H5ClN), 335.0 (3.6) (M-C6H3Cl2-C6H4Cl-Cl), 289.1 (1.7) (M-
C10H5Cl2O-C6H5ClN), 261.1 (1.9) (M-C10H5Cl2O-C6H5ClN-2CH3), 174.9 (6.8) (M-C10H5Cl2O-
C10H10ClN2O-Cl), 127.0 (1.8) (M-C25H16Cl3N2O3) , 91.0 (1.8) (M-C10H5Cl2O-2C7H5ClNO-CH3). 
1HNMR: (300MHz) (DMSO): δ:  2.496(s, 6H, 2CH3), 10.270(s, 2H, 2NH-amide), 6.997(d, 2H, 
H-3, 4, J=6.3Hz), 7.184(d, 1H, H-4, J=7.5Hz), 7.034(t, 1H, H-5, J=8.1Hz), 7.377(d, 1H, H-6, 
J=4.5Hz), The protons of 2-chlorophenyl of  amide present at 3- and 5-positions show following 
values: 
7.220(d, 2H, H-3-of both the phenyls, J=1.8Hz), 7.013(t, 2H, H-4-of both the phenyls, J=7.8Hz), 
7.197(t, 2H, H-5-of both the phenyls, J=6.0Hz), 7.588(d, 2H, H-6-of both the phenyls, J=6.6Hz)  
13CNMR: (75MHz) (DMSO): δ:  14.14(2CH3), 166.52(4C, C-2, 6, 2C=O), 126.50(2C, C-3, 5), 
134.14(C-4), 154.42(2C, C-2׳, 5׳), 114.09(2C, C-3׳, 4׳), 134.14(2C, C-1׳׳, 3׳׳), 129.57(3C, C-2׳׳, 
4׳׳, 5׳׳), 127.80(C-6׳׳), The 2-chlorophenyl groups of two amides at 3- and 5-positions show 
following values: 
134.14(2C, C-1 of both phenyl groups), 126.50(2C, C-2 of both phenyl groups), 127.00(2C, C-3 
of both phenyl groups), 126.71(2C, C-4 of both phenyl groups), 129.45(4C, C-5, 6 of both 
phenyl groups) 
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Figure: 89: a) EIMS b) 1HNMR of N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-
dichlorophenyl) furan-2׳-yl)-2, 6-dimethylpyridine-3, 5-dicarboxamide: (166) 
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Figure: 90: 13CNMR of N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-
yl)-2, 6-dimethylpyridine-3, 5-dicarboxamide: (166) 
3.12.21 N3, N5-bis (2-chlorophenyl)-4-(5׳-(4׳׳-chloro, 2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
dimethylpyridine-3, 5-dicarboxamide: (167) 
NH3C
O
O
HN
CH3
O
N
H
NO2
167
Cl
Cl Cl
 
M.P = 1200C 
Yield =47% 
Molecular formula: C31H21Cl3N4O5 
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Mass Spectra m/z (%):  637.0 (28.1) (M+3), 636.0 (8.5) (M+2), 620.0 (4.1) (M-CH3), 586.5 
(5.2) (M- CH3-Cl), 562.2 (2.5) (M-CH3-NO2), 531.1 (4.2) (M-3Cl), 507.5 (6.1) (M-CH3-2Cl-
NO2), 492.1 (9.2) (M-2CH3-2Cl-NO2), 481.0 (4.9) (M-C7H5ClNO), 452.0 (7.8) (M-C7H5ClNO-
2CH3), 402.6 (3.5) (M-C7H5ClNO-Cl-NO2), 366.3 (8.0) (M-C7H5ClNO-2Cl-NO2), 332.3 (6.2) 
(M-C10H5ClNO3-2Cl-CH3), 308.6 (1.5) (M-C7H5ClNO-C6H5ClN-NO2), 290.0 (7.2) (M-
2C7H5ClNO-Cl), 264.3 (1.5) (M-2C7H5ClNO-Cl-2CH3), 240.8 (5.1) (M-C10H5ClNO3-C6H5ClN-
Cl), 215.8 (6.5) (M-C6H3ClNO2-C6H4Cl-C7H5ClNO), 188.9 (12.1) (M-C6H3ClNO2-C6H4Cl-
C7H5ClNO-2CH3), 179.1 (52.1) (M-C21H16Cl2N3O2-NO2), 157.1 (100.0) (M- C24H16Cl2N3O4), 
123.1 (4.1) (M- C25H18Cl2N3O3-Cl). 
 
Figure: 91: EIMS of N3, N5-bis (2-chlorophenyl)-4-(5׳-(4׳׳-chloro, 2׳׳-nitrophenyl) furan-2׳-
yl)-2, 6-dimethylpyridine-3, 5-dicarboxamide: (167) 
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3.12.22 N3, N5-bis (4-chlorophenyl)-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2`-yl)-2, 6-
dimethylpyridine-3, 5-dicarboxamide: (168) 
NH3C
O
O
HNCl
CH3
O
N
H
Cl
Cl Cl
168
 
M.P = 1750C 
Yield =54% 
Molecular formula: C31H21Cl4N3O3 
Mass Spectra m/z (%): 630.1 (1.1) (M+7), 629.1 (2.9) (M+6), 628.1 9(3.3) (M+5), 627.1 (10.3) 
(M+4), 626.1 (7.1) (M+3), 625.1 (19.5) (M+2), 623.0 (14.3) (M), 497.1 (100) (M-C6H5ClN), 
468.1 (1.7) (M-C7H5ClNO), 450.1 (2.5) (M-C6H5ClN-Cl-CH3), 413.1 (1.8) (M-C6H5ClN-2Cl-
CH3), 370.0 (5.0) (M- 2 C6H5ClN), 344.1 (1.6) (M- C6H5ClN- C7H5ClNO), 324.1 (4) (M- 
2C6H5ClN-Cl-CH3), 287.1 (6.3) (M- 2C7H5ClNO-2CH3), 207.0 (1.4) (M- C21H13Cl3NO2), 111.0 
(2.8) (M- C25H17Cl3N3O3), 44.0 (4.3) (M- C6H4Cl- C24H16Cl3N2O2).  
1HNMR: (300MHz) (DMSO): δ:  2.529(s, 6H, 2CH3), 10.767(s, 2H, 2NH-amide), 6.850(d, 2H, 
H-3׳, 4׳, J=3.3Hz), 7.749(s, 1H, H-2׳׳), 7.148(d, 1H, H-5׳׳, J=3.6Hz), 7.344(d, 1H, H-6׳׳, 
J=8.7Hz), The two phenyl groups present at 2- and 6-positions show following 1HNMR values: 
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7.663(d, 4H, H-2, 6 of both phenyl groups, J=8.7Hz), 7.148(d, 4H, H-3, 5 of both phenyl groups, 
J=3.6Hz) 
13CNMR: (75MHz) (DMSO): δ:  22.067(2CH3), 166.314(4C, 2C=O, C-2, 6), 154.459(3C, C-4, 
C-2׳, 5׳), 128.792(9C, C-1׳׳, 2׳׳, 6׳׳, C-3, 4, 5 of two phenyl groups present at 2, and 6-position), 
130.850(3C, C-3׳׳, 4׳׳, 5׳׳), 137.778(2C, C-1 of both phenyl groups) 
 
Figure: 92: EIMS of N3, N5-bis (4-chlorophenyl)-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2`-yl)-
2, 6-dimethylpyridine-3, 5-dicarboxamide: (168) 
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Figure: 93: a) 1HNMR b) 13CNMR of N3, N5-bis (4-chlorophenyl)-4-(5׳-(3׳׳, 4׳׳-
dichlorophenyl) furan-2`-yl)-2, 6-dimethylpyridine-3, 5-dicarboxamide: (168) 
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3.12.23 N3, N5-bis (2-chlorophenyl)-4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2׳-yl) - 2, 6-
dimethylpyridine-3, 5-dicarboxamide: (169) 
NH3C
O
NO2
O
HN
CH3
O
N
H
Cl
Cl Cl
169
 
M.P = 1330C 
Yield =65% 
Molecular formula: C31H21Cl3N4O5 
Mass Spectra m/z (%): 459.4 (2.5) (M-3Cl-NO2-2CH3), 413.4 (2.5) (M-C7H5ClNO-2Cl), 370.9 
(2.5) (M- C7H5ClNO-C6H4Cl), 326.4 (41.5)(M- 2C7H5ClNO), 302.8 (2.5) (M-2C7H5ClNO-
2CH3), 259.0 (7.5) (M-C10H5ClNO3- C7H5ClNO), 242.4 (20.0) (M- C10H5ClNO3- C7H5ClNO-
CH3), 179.1 (82.5) (M-C21H16Cl2N3O2-NO2), 157.1 (100)(M-2C7H5ClNO-C6H3ClNO2-CH3), 
145.7 (12.00) (M- C21H16Cl2N3O2-NO2-Cl), 118.2 (7.5) (M-C10H5ClNO3-C7H5ClNO-C6H5ClN-
O). 
 Figure: 94: EIMS of N3, N5-
yl) - 2, 6-dimethylpyridine-3, 5
 
 
 
bis (2-chlorophenyl)-4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan
-dicarboxamide: (169) 
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-2׳-
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Biginelli reaction 
3.13 With Urea 
General procedure: 
A solution of an active methylene compound (2 mmol), an aromatic aldehyde (2 mmol) and urea 
(4 mmol) in 15mL ethanol as a solvent was heated under reflux in the presence of a few drops of 
conc.HCl as catalyst for about 3-4 hours. The progress of the reaction was monitored by TLC. 
The reaction mixture was poured in ice or chilled water. Precipitates were filtered, dried and 
washed with water and cold ethanol. The product was recrystallized from ethanol. 
3.13.1 With ethyl benzoylacetate: 
3.13.1.1 Ethyl-2-oxo-4, 6-diphenyl-1, 2, 3, 4-tetrahydropyrimidine-5-carboxylate: (170) 
N
H
NH
O
O
OH3C
170
 
M.P = 158-160oC (Lit.138 155-1570C) 
Yield =58% 
Molecular formula: C19H18N2O3 
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Mass Spectra m/z (%): 322.2 (7.0) (M+), 293.1 (16.5) (M-C2H5), 276.1 (2.5) (M-C2H5O), 247.1 
(100) (M-COOC2H5), 217.1 (5.9) (M-C6H5-C2H5), 204.1 (5.4) (M-C6H5-CHNO), 149.1 (2.6) (M-
C11H11O2), 141.1 (4.6) (M-2C6H5-C2H5), 77 (14.2) (C6H5). 
 
Figure: 95: EIMS of Ethyl-2-oxo-4, 6-diphenyl-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxylate: (170) 
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3.13.2 With acetyl acetone: 
3.13.2.1 5-Acetyl-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-6-methylpyrimidin-2(1H)-one: 
(171) 
N
H
NH
H3COC
H3C O
O
Cl
Cl
171
 
M.P = 1500C 
Yield =65% 
Molecular formula: C17H14N2O3 
Mass Spectra m/z (%): 322.2 (13.6) (M-NHCO), 307.1 (8.4) (M-CH2N2O), 267.1 (11.5) (M-
CH2N2O-COCH3), 255.2 (29.4) (M-2Cl-CHNO), 240.1 (78.7) (M-2Cl-CH2N2O), 196.2 (30.8) 
(M-C7H9N2O2-O), 183.0 (33.2) (M-CH2N2O-COCH3-CH3-2Cl), 162.0 (14.7) (M-C7H9N2O2-O-
Cl), 149.1 (16.5) (M-C6H3Cl2-CH2N2O-CH3), 122.0 (11.0) (M-C6H3Cl2-CH2N2O-COCH3), 105.0 
(100) (M-C6H3Cl2-CH2N2O-CH3-COCH3), 77.0 (46.9) (M-C11H11N2O3-2Cl), 43.9 (15.5) (M-
C15H11Cl2N2O2). 
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Figure: 96: EIMS of 5-Acetyl-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-6-methylpyrimidin-
2(1H)-one: (171) 
3.13.2.2 Acetyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl)furan-2׳-yl)-6-methyl-3,4-
dihydropyrimidin-2(1H)-one: (172) 
O
N
H
NH
O
H3COC
H3C
Cl
NO2
172  
M.P = 1630C 
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Yield =47% 
Molecular formula: C17H14ClN3O5 
Mass Spectra m/z (%): 378.0 (69.4) (M+2), 348.0 (12.7) (M-CH3-NH), 333.0 (17.0) (M-
COCH3), 318.0 (11.0) (M-COCH3-CH3), 297.0 (9.7) (M-Cl-NO2), 276.0 (16.1) (M-CH2N2O-
COCH3), 266.0 (75.4) (M-NH-CH3-Cl-NO2), 251.0 (100) (M-NO2-Cl-COCH3), 220.0 (21.1) (M-
C6H3ClNO2), 205.0 (7.4) (M-C6H3ClNO2-CH3), 193.0 (8.1) (M-C6H3ClNO2-CH3-NH), 176.0 
(8.1) (M-C6H3ClNO2-COCH3), 164.0 (4.4) (M-C6H3ClNO2-COCH3-CH3), 149.0 (21.4) (M-
C6H3ClNO2-COCH3-CH3-NH), 138.0 (5.5) (M-C6H3ClNO2-COCH3-C2H4N), 123.0 (5.5) (M-
C6H3ClNO2-COCH3-C2H4N-O), 113.0 (19.6) (M-C10H5ClNO3-CHNO), 43.0 (7.0) (M-
C15H11ClN3O4) 
 
Figure: 97: EIMS of Acetyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-6-methyl-3,4-
dihydropyrimidin-2(1H)-one: (172) 
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3.13.3 With Acetoacetanilide: 
3.13.3.1 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-N-phenyl-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (173) 
N
H
NH
H3C
O
Cl
O
Cl
173
N
H
O
 
M.P = 2550C 
Yield =51% 
Molecular formula: C22H17N3O3  
Mass Spectra m/z (%):  230.0 (5.0) (M-C10H5Cl2O), 179.1 (92.5) (M-C10H5Cl2O-Cl), 157.1 
(100) (M-C10H5Cl2O-CH2N2O-CH3). 
 Figure: 98: EIMS of 4-(5׳-(2
2, 3, 4-tetrahydropyrimidine
3.13.3.2 4-(5׳-(2׳׳, 3׳׳-Dichlorophenyl) furan
tetrahydropyrimidine
M.P = 2370C 
׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-6-methyl
-5-carboxamide: (173) 
-2׳-yl)-6-methyl-2-oxo-N-phenyl
-5-carboxamide: (174) 
N
H
NH
H3C
O
O
Cl
Cl
N
H
O
174
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-2-oxo-N-phenyl-1, 
-1, 2, 3, 4-
 Yield =47% 
Molecular formula: C22H17Cl
Mass Spectra m/z (%):  415.1
C10H5Cl2O-CH3), 179.0 (30.0) 
(2.3) (M-C12H12N3O2-2Cl). 
Figure: 99: EIMS of 4-(5׳-(2
2, 3, 4-tetrahydropyrimidine
 
2N3O3  
 (2.5) (M-CH3-NH), 319.0 (3.9) (M-C7H6NO), 214.9
(M-C12H10N3O2-Cl), 157.1 (100) (M- C10H5
׳׳, 3׳׳-Dichlorophenyl) furan-2׳-yl)-6-methyl
-5-carboxamide: (174) 
187 
 (2.0) (M-
Cl2O-C6H4), 145.1 
 
-2-oxo-N-phenyl-1, 
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3.13.4 With Aceto p-chloroacetanilide: 
3.13.4.1 N-(4-Chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichloro phenyl) furan-2׳-yl)-6-methyl-2-oxo-1, 2, 
3, 4-tetrahydropyrimidine-5-carboxamide: (175) 
N
H
NH
H3C
O
Cl
Cl
O
O
HNCl
175
 
M.P = 2420C 
Yield =68% 
Molecular formula: C22H16Cl3N3O3  
Mass Spectra m/z (%): 479.0 (8.7) (M+4), 477.0 (26.5) (M+2), 475.0 (15.5) (M), 460.0 (2.2) 
(M-CH3), 440.1 (3.1) (M-Cl), 349.0 (100) (M-C6H5ClN), 321.0 (66.5) (M-C7H5ClNO), 307.0 
(59.3) (M-C7H5ClNO-CH3), 278.0 (11.6) (M-C7H5ClNO-CH2N2O), 266.0 (71.4) (C7H5ClNO-
CH2N2O), 240.0 (9.3) (M-C6H3Cl2-Cl-CH2N2O), 210.0 (2.1) (M-C12H11ClN3O2), 183.0 (11.4) 
(M-C7H5ClNO-2Cl-CH2N2O-CH3), 173.0 (19.8) (M-C10H5Cl2O-CH2N2O-Cl), 149.1 (77.0) (M-
C7H5ClNO-C6H3Cl2-NH-CH3), 127.0 (33.6) (M-C16H11Cl2N2O3), 111.1 (13.5 ) (M-
C16H12Cl2N3O3), 44.0 (11.2) (M-C21H16Cl3N2O2). 
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1HNMR: (300MHz) (DMSO): δ:  2.062(s, 3H, CH3), 5.514(s, 1H, H-4), 8.901(s, 1H, NH-
amide), 6.369(d, 2H, H-3׳, 4׳, J=3.3Hz), 7.372(s, 1H, H-3׳׳), 7.072(d, 1H, H-5׳׳, J=3.0Hz), 
7.404(d, 1H, H-6׳׳, J=2.4Hz) 
 The phenyl group of amide showed the following 1HNMR values: 
7.630(d, 2H, H-3, 5, J=8.7Hz), 7.330(d, 2H, H-2, 6, J=8.7Hz) 
13CNMR: (75MHz) (DMSO): δ:  17.12(CH3), 48.95(C-4), 152.60(3C, C-2, C-2׳, 5׳), 
107.59(2C, C-5, C-4׳), 164.96(C=O), 138.21(2C, C-1׳׳, 4׳׳), 130.08(2C, C-3׳׳, 6׳׳), 127.49(C-5׳׳). 
The phenyl group of the amide shows following values: 
138.21(C-1), 121.11(2C, C-2, C-6), 128.37(3C, C-3, C-4, C-5) 
Anal.Calcd.for C22H16Cl3N3O3:  C 55.43; H 3.38; N 8.81%. Found:  C 52.19; H 3.64; N 
8.33% 
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Figure: 100: a) EIMS b) 1HNMR of N-(4-Chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichloro phenyl) 
furan-2׳-yl)-6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (175) 
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Figure: 101: 13CNMR of N-(4-Chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichloro phenyl) furan-2׳-yl)-6-
methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (175) 
3.13.4.2  N-(4-Chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-1, 2, 
3, 4-tetrahydropyrimidine-5-carboxamide: (176) 
N
H
NH
H3C O
HN
O
Cl
O
Cl
Cl
176  
M.P = 2570C 
Yield = 25% 
 Molecular formula: C22H16Cl
Mass Spectra m/z (%): 483.2
(M-O), 436.3 (12.7) (M-Cl), 417.2 (7.5) (M
(M-2Cl-O), 359.3 (15.5) (M-C
C10H5Cl2O), 239.2 (100) (M-C
(M-C10H5Cl2O-Cl-CH3-O-NH), 165.1 (12.7)(M
C16H9Cl2N2O3), 115.1 (5.2) (M
Figure: 102: EIMS of N-(4-Chlorophenyl)
methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine
 
3N3O4 
 (4.0) (M+8), 478.6 (2.6) (M+2), 461.4 (2.5) (M
-CHN2O), 392.3 (62.5) (M-C3H
3H4N2O-Cl), 326.4 (91.5) (M-C3H4N2O-2Cl), 264.2 (12.7) (M
10H5Cl2O-N-CH3), 212.1 (37.5) (M-C10H5ClN
-C6H3Cl2-C6H5ClN-CNO), 124.1 (38.5) (M
-C10H5Cl2O-C6H4Cl-CNO) 
-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan
-5-carboxamide: (176) 
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-CH3), 456.9 (3.5) 
4N2O), 387.4 (16.5) 
-
3O2), 187.1 (5.2) 
-
 
-2׳-yl)-6-
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3.13.4.3 N-(4-Chlorophenyl)-4-(5׳-(2׳׳, 5׳׳-dichloro phenyl) furan-2׳-yl)-6-methyl-2-oxo-1, 2, 
3, 4-tetrahydropyrimidine-5-carboxamide: (177) 
N
H
NH
H3C O
HN
O
O
Cl
Cl
Cl
177  
M.P = 2450C 
Yield = 39% 
Molecular formula: C22H16Cl3N3O4 
1HNMR: (300MHz) (DMSO): δ:  2.067(s, 3H, CH3), 5.542(s, 1H, H-4), 9.776(s, NH-amide), 
6.380(d, 2H (furan part), H-3׳, 4׳, J=3.3Hz), 7.312(d, 1H, H-3׳׳, J=8.7Hz), 7.150(d, 1H, H-4׳׳, 
J=3.6Hz), 7.355(s, 1H, H-6׳׳), phenyl group of amide shows following values: 
7.539(d, 2H, H-2, 6, J=8.4Hz), 7.351(d, 2H, H-3, 5, J=2.4Hz) 
13CNMR: (75MHz) (DMSO): δ:  17.09(CH3), 48.90(C-4), 164.92(C=O), 152.64(2C, C-2, C-2׳, 
C-5׳), 146.99(C-6), 107.59(2C, C-5, C-4׳), 101.87(C-3), 138.16(C-1׳׳), 132.15(4C, C-2׳׳, 3׳׳, 4׳׳, 
5׳׳), 128.36(C-6׳׳), The phenyl group of amide shows following values: 
132.37(C-1), 121.11(2C, C-2, C-6), 129.61(3C, C-3, 4, 5) 
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Figure: 103: a) 1HNMR b) 13CNMR of N-(4-Chlorophenyl)-4-(5׳-(2׳׳, 5׳׳-dichloro phenyl) 
furan-2׳-yl)-6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (177) 
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3.13.4.4 4-(5׳-(4׳׳-Bromo phenyl) furan-2׳-yl)-N-(4-chlorophenyl)-6-methyl-2-oxo-1, 2, 3 4-
tetrahydropyrimidine-5-carboxamide: (178) 
N
H
NH
H3C O
HN
O
O
Cl
Br
178
 
M.P = 2610C 
Yield = 54% 
Molecular formula: C22H16BrClN3O3 
Mass Spectra m/z (%): 489 (0.2) (M+4), 487 (0.2) (M+2), 485 (0.3) (M), 470.1 (9.7) (M-CH3), 
444.1 (3.4) (M-CHNO), 412.1(M-CH2N2O-CH3), 372.0 (54.6) (M-C6H4Cl),  349.1 (46.9) (M-Br-
CH2N2O), 318.1 (31.2) (M-C6H4Br-CH3), 289.1 (30.0) (M-C6H4Br-CHNO), 259.1 (10.9) (M- 
C6H4Br- CH2N2O-CH3), 230.1 (5.4) (M- C10H6BrO-Cl), 165.1 (21.7) (M- C6H4Br- C6H4Cl- 
CH2N2O), 153.0 (100.0) (M- C15H12BrN2O2), 127.0 (42.9) (M-C16H12BrN2O3), 44.0 (7.6) (M- 
C6H4Cl- C15H12BrN2O2).  
1HNMR: (300MHz) (DMSO): δ:  2.106(s, 3H, CH3), 6.496(2H, 2NH), 5.553(d, 1H, H-4, 
J=2.7Hz), 10.235(s, 1H, NHC=O), 6.501(d, 2H (furan ring), C-3׳, 4׳, J=3.3Hz), 7.340(d, 2H, H-
2׳׳, 6׳׳, J=7.8Hz), 7.399(d, 2H, H-3׳׳, 5׳׳, J=3.6Hz), The 4-chlorophenyl group of amide linkage 
show the following values: 
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6.622(d, 2H, H-2, 6, J=9.0Hz), 7.340(d, 2H, H-3, 5, J=7.8Hz) 
13CNMR: (75MHz) (DMSO): δ:  16.62(CH3), 48.86(C-4), 164.53(C=O), 147.15(2C, C-2, C-6), 
109.12(C-5), 156.53(C-2, 5׳), 103.67(C-3׳), 109.13(C-4׳), 128.78(3C, C-1׳׳, 2׳׳, 6׳׳), 133.48(2C, 
C-3׳׳, 5׳׳), 122.38(C-4׳׳), The phenyl group of amide shows following values: 
121.21(2C, C-2, C-6), 137.90(C-1), 128.79(3C, C-3, 4, 5) 
 
Figure: 104: EIMS of 4-(5׳-(4׳׳-Bromo phenyl) furan-2׳-yl)-N-(4-chlorophenyl)-6-methyl-2-
oxo-1, 2, 3 4-tetrahydropyrimidine-5-carboxamide: (178) 
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Figure: 105: a) 1HNMR b) 13CNMR of 4-(5׳-(4׳׳-Bromo phenyl) furan-2׳-yl)-N-(4-
chlorophenyl)-6-methyl-2-oxo-1, 2, 3 4-tetrahydropyrimidine-5-carboxamide: (178) 
198 
 
3.13.4.5 4-(5׳-(5׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-yl)-N-(4-chlorophenyl)-6-methyl-
2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (179) 
N
H
NH
H3C O
HN
O
O
Cl
NO2Cl
179  
M.P = 2220C 
Yield = 34% 
Molecular formula: C22H16Cl2N4O5 
Mass Spectra m/z (%): 489.0(M+3), 487(M+1), 486.1(M),  469.1 (99.0) (M-O), 454.1 (5.3) 
(M-CH3-O), 424.1 (3.1) (M-NO2-O), 360.0 (100) (M-C6H5ClN), 342.1 (37.7) (M-C6H5ClN-O), 
328.1 (10.4) (M-C6H5ClN-Cl), 317.1 (16.6) (M-C6H5ClN-NO2), 301.1 (9.2) (M-C6H5ClN-NO2-
O), 289.1 (11.2) (M-C6H5ClN-NO2-O-CH3), 277.1 (53.7) (M- C7H5ClNO- CH2N2O), 264.1 (4.8) 
(M- C10H5ClNO3), 247.1 (4.5) (M- C10H5ClNO3-O), 231.1 (2.6) (M- C10H5ClNO3-Cl), 203.0 
(3.7) (M- C10H5ClNO3-Cl-O-CH3), 180.0 (5.3) (M- C10H5ClNO3- C3H5N2O), 165.0 (13.4) (M- 
C10H5ClNO3- C4H8N2O), 153.0 (19.3) (M- C10H5ClNO3- C5H7N2O), 127.0 934.2) (M- 
C10H5ClNO3- C6H7N2O2), 111.1 (6.6) (M- C10H5ClNO3- C6H8N3O2), 42.0 (7.1) (M- 
C21H16Cl2N3O4). 
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Figure: 106: EIMS of 4-(5׳-(5׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-yl)-N-(4-chlorophenyl)-6-
methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (179) 
3.13.4.6 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-N-(4-chlorophenyl)-6-methyl-
2-oxo-1, 2-dihydropyrimidine-5-carboxamide: (180) 
N
H
NH
H3C O
HN
O
O
Cl
Cl
O2N
180  
M.P = 2100C 
Yield = 33% 
Molecular formula: C22H16Cl2N4O5 
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Mass Spectra m/z (%): 488.95 (2.9) (M+2), 486.0 (6.5) (M), 469.0 (2.3) (M-O), 456.0 (2.0) 
(M-O-CH3), 360.0 (21.6) (M-C6H5ClN), 330.9 (39.8) (M- C6H5ClN- O-CH3), 317.0 (11.4) (M- 
C15H11ClN3O4-CH3), 302.0 (8.2) (M- C14H10ClN3O3-O-CH3), 289.0 (12.6) (M- C7H5ClNO-NO2), 
276.9 (61.4) (M- C15H11ClN3O4- CH2N2O), 261.0 (2.3) (M- C15H11ClN3O4- CH2N2O-CH3), 
247.0 (2.5) (M- C15H11ClN3O4- C3H5N2O), 154.0 (4.6) (M-C15H11ClN3O4), 127.0 (5.9) (M-
C16H11ClN3O5). 
 
Figure: 107: EIMS of 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-N-(4-chlorophenyl)-6-
methyl-2-oxo-1, 2-dihydropyrimidine-5-carboxamide: (180) 
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3.13.4.7 N-(4-Chlorophenyl)-4-(5׳-(3׳׳,4׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-
oxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (181) 
N
H
NH
H3C O
HN
O
O
Cl
ClCl
181
 
M.P = 1970C 
Yield = 28% 
Molecular formula: C22H16Cl3N3O3 
Mass Spectra m/z (%):  212.1 (3.5) (M-C7H5ClNO-2Cl-CHNO), 179.1 (100) (M-
C12H11ClN3O2-Cl), 157.1 (67.5) (M- C15H11Cl2N2O2). 
 Figure: 108: EIMS of N-(4-Chlorophenyl)
methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine
3.13.5 With Aceto o-chloroacetanilide :
3.13.5.1 N-(2-Chlorophenyl)
3, 4-tetrahydropyrimidine-5
-4-(5׳-(3׳׳,4׳׳-dichlorophenyl) furan
-5-carboxamide: (181) 
 
-4-(5׳-(2׳׳,5׳׳-dichlorophenyl) furan-2׳-yl)-
-carboxamide: (182) 
N
H
NH
H3C O
HN
O
O
ClCl
Cl
182
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-2׳-yl)-6-
6-methyl-2-oxo-1, 2, 
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M.P = 2340C 
Yield = 57% 
Molecular formula: C22H16Cl3N3O3 
Mass Spectra m/z (%):  475 (3.0) (M), 438.4 (5.0) (M-Cl), 414.6 (2.5) (M-Cl-CH3-NH), 388.3 
(8.0) (M-C3H5N2O), 370.9 (3.5) (M-CH2N2O-Cl-CH3), 359.4 (12.5) (M-C3H5N2O-Cl), 350.9 
(4.5) (M-C6H5ClN), 324.3 (12.5) (M-C3H5N2O-2Cl), 310.4 (4.9) (M- CH2N2O-C6H4Cl), 279.0 
(2.0) (M- C6H4Cl-C3H5N2O), 249.9 (7.5) (M-C10H5Cl2O- CH3), 233.0 (8.0) (M-C6H3Cl2- 
C3H5N2O-O), 221.1 (3.5) (M- C10H5Cl2O-CHNO), 211.1 (10.0) (M-C12H11ClN3O2), 196.1 (3.5) 
(M- C10H5Cl2O- CH2N2O-CH3), 182.2 (7.5) (M-C12H11ClN3O2-CHO), 172.1 (12.00) (M- 
C10H5Cl2O- CH2N2O-Cl), 166.9 (7.2) (M- C14H12Cl2N2O2), 154.6 (5.0) (M-C15H11Cl2N2O2), 
145.3 (14.00) (M-C16H13ClN3O3), 130.2 (100) (M- C12H11ClN3O2-2Cl-O), 115.2 (12.5) (M- 
C12H11ClN3O2-2Cl-CHO) 
 
 Figure: 109: EIMS of N-(2-Chlorophenyl)
methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine
3.13.5.2 N-(2-Chlorophenyl)
tetrahydropyrimidine
M.P = 2290C 
Yield = 44% 
-4-(5׳-(2׳׳,5׳׳-dichlorophenyl) furan
-5-carboxamide: (182) 
-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-6-methyl
-5-carboxamide: (183) 
N
H
NH
H3C O
HN
O
OCl
Cl
183  
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-2׳-yl)-6-
-2-oxo-1, 2, 3, 4-
 Molecular formula: C22H17Cl
Mass Spectra m/z (%):  242.3
157.1 (47.44) (M-C7H5ClNO-
Figure: 110: EIMS of N-(2-Chlorophenyl)
oxo-1, 2, 3, 4-tetrahydropyrimidine
 
 
 
 
2N3O3 
 (2.84) (M-C6H4Cl-Cl-CH2N2O), 179.1 (100) (M
Cl-C4H9N2O). 
-4-(5׳-(4׳׳-chlorophenyl) furan
-5-carboxamide: (183) 
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-C12H11ClN3O2), 
 
-2׳-yl)-6-methyl-2-
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3.13.5.3 4-(5׳-(4׳׳-Bromophenyl) furan-2׳-yl)-N-(2-chlorophenyl)-6-methyl-2-oxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (184) 
184
N
H
NH
H3C O
HN
O
OCl
Br
 
M.P = 2550C 
Yield = 27% 
Molecular formula: C22H17BrCl3N3O3 
Mass Spectra m/z (%):  489.0 (17.33) (M+4), 486.0 (6.66) (M+1), 468.0 (20.65) (M-O), 444.0 
(13.32) (M-CHNO), 437.4 (3.99) (M-CH3-Cl), 368.4 (6.99) (M-Br-CHNO), 326.4 (100) (M-
C6H4Cl-Cl-CH3), 280.2 (10.65) (M-C6H4Br-Cl-CH3), 273.0 (9.99) (M-C6H3ClNO2-CH2N2O), 
255.2 (3.33) (M-C7H5ClNO-Br), 226.1 (4.99) (M-C7H5ClNO-Br-CH3-O), 202.1 (3.66) (M-
C10H6BrO-Cl-CH3-O), 173.9 (6.32) (M-C10H6BrO-C3H7N2O), 139.3 (8.99) (M-C10H6BrO-
C6H5ClN), 124.2 (43.31) (M-C16H12BrN2O3) 
 Figure: 111: EIMS of 4-(5׳-(4
oxo-1, 2, 3, 4-tetrahydropyrimidine
3.13.5.4  4-(5׳-(5׳׳-Chloro-2׳׳
1, 2, 3, 4-tetrahydropyrimidine
M.P = 2120C 
׳׳-Bromophenyl) furan-2׳-yl)-N-(2-chlorophenyl)
-5-carboxamide: (184) 
-nitrophenyl)furan-2׳-yl)-N-(2-chlorophenyl)
-5-carboxamide: (185) 
185
N
H
NH
H3C
O
NO2
O
HN
O
Cl
Cl
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-6-methyl-2-
-6-methyl-2-oxo-
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Yield = 57% 
Molecular formula: C22H16Cl2N4O5 
Mass Spectra m/z (%): 490.0 (2.5) (M+4), 486.1 (24.5) (M), 445.1 (1.5) (M-CHNO), 415.5 
(1.7) (M-CH2N2O-CH3), 395.3 (39.0) (M- CH2N2O-Cl), 374.5 (7.1) (M- C6H4Cl), 359.3 (5.0) 
(M- C6H4Cl- CH3), 326.4 (100) (M- C6H5ClN-Cl), 288.1 (33.4)(M-C6H3ClNO2-CHNO), 269.3 
(20.9) (M- C6H3ClNO2- Cl-CH3), 251.3 (3.2) (M-C7H5ClNO-Cl-NO2), 226.0 (1.2) (M- 
C6H3ClNO2- Cl- CH2N2O- CH3), 200.9 (2.4) (M- C10H5ClNO3-Cl-CH3-O), 183.2 (6.9) (M-
C10H5ClNO3-C3H5N2O), 176.9 (56.9) (M- C6H3ClNO2- C7H5ClNO), 159.1 (78.8) (M- 
C10H5ClNO3- Cl-CH2N2O-CH3),139.1 (33.0) (M- C15H11ClN3O-O), 113.2 (2.5) (M-
C16H12ClN4O5) 
 
Figure: 112: EIMS of 4-(5׳-(4׳׳-Bromophenyl) furan-2׳-yl)-N-(2-chlorophenyl)-6-methyl-2-
oxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (185) 
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3.13.5.5 4-(5׳-(4׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-yl)-N-(2-chlorophenyl)-6-methyl-2-oxo-
1, 2-dihydropyrimidine-5-carboxamide: (186) 
186
N
H
NH
H3C
O
NO2
O
HN
O
Cl
Cl
 
M.P = 2420C 
Yield = 63% 
Molecular formula: C22H16Cl2N4O5 
Mass Spectra m/z (%): 489.9 (2.3) (M+4), 487.9 (12.2) (M+2), 485.9 (17.0) (M), 469.0 (2.7) 
(M-O), 459.0 (9.7) (M-Cl), 421.0(M-Cl-CH3-O), 359.9 (100.0) (M-C6H5ClN), 330.9 (75.9) (M-
C7H5ClNO), 317.0 915.2) (M- C7H5ClNO-CH3), 302.0 (11.4) (M-C7H5ClNO-CH3-O), 289.0 
(5.2) (M-C6H3ClNO2-CHNO), 276.9 (95.7) (M-C7H5ClNO-CH2N2O), 247.0 (2.2) (M- 
C7H5ClNO- C3H5N2O), 230.9 (23.9) (M- C10H5ClNO3- Cl), 175.0 915.2) (M- C7H5ClNO- 
C6H3ClNO2), 153.0 (5.6) (M- C15H11ClN3O4), 127.0 (62.6) (M- C16H11ClN3O5), 99.0 (3.1) (M- 
C10H5ClNO3- C7H5ClNO-CH3), 42.0 911.2) (M- C21H16Cl2N3O4) 
1HNMR: (300MHz) (DMSO): δ:  2.195(s, 3H, CH3), 5.544(d, 1H, H-4, J=2.7Hz), 6.529(s, 2H, 
2NH), 8.021(s, 1H, NH), 6.035(d, 2H (Furan part), H-3׳, 4׳, J=3.6Hz), 8.246(s, 1H, H-3׳׳), 
7.757(d, 1H, H-5׳׳, J=9.0Hz), 7.544(d, 1H, H-6׳׳, J=6.9Hz), the phenyl group of amide linkage: 
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 7.286(d, 1H, H-3, J=7.8Hz), 7.186(t, 2H, H-4, 5, J=14.3Hz), 7.571(d, 1H, H-6, J=9.0Hz) 
 
 
Figure: 113: a) EIMS b) 1HNMR of 4-(5׳-(4׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-yl)-N-(2-
chlorophenyl)-6-methyl-2-oxo-1, 2-dihydropyrimidine-5-carboxamide: (186) 
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3.14 Aromatization 
General procedure: Equimolar quantities of a dihydropyrimidine and bleaching powder were 
taken along with 5mL of water and 5mL of ethyl acetate. The mixture was stirred at room 
temperature for 5 minutes, and then extracted with water and ethyl acetate. Precipitates were 
filtered dried and washed with water and cold ethanol.  The product was recrystallized from 
ethanol8. 
3.14.1 5-Acetyl-6-methyl-4-phenylpyrimidin-2(1H)-one: (187) 
187
N
H
N
C6H5
H3COC
H3C O
 
M.P = 2200C (Lit.139 m.p. 2300C) 
Yield = 69% 
Molecular formula: C13H12N2O2 
Mass Spectra m/z (%): 229.0 (97.6) (M+), 215.0 (48.8) (M+1-CH3), 187.0 (49.4)  (M+1-
COCH3), 153.0 (100) (M-C6H5), 110.0 (7.8) (M-C6H5-COCH3), 77.0 (9.2) (C6H5), 44.0 (13.9) 
(COCH3).  
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Figure: 114: EIMS of 5-Acetyl-6-methyl-4-phenylpyrimidin-2(1H)-one: (187) 
3.14.2 5-Acetyl-6-methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl) pyrimidin-2(1H)-one: (188) 
N
H
N
H3C O
O
O2N
H3COC
188
 
M.P = 1570C 
Yield = 24% 
Molecular formula: C17H13N3O5 
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Mass Spectra m/z (%): 339.0 (0.5) (M), 310.1 (100.0) (M-CH3-O), 299.1 (14.6) (M-COCH3), 
280.0 (26.71) (M-CH3-NO2), 242.1 (29.2) (M-CHNO-COCH3-CH3), 189.1 (37.4) (M-
C7H9N2O2), 150.0 (8.5) (M-C10H6NO3), 139.1 (10.2) (M-C10H6NO3-O), 124.1 (17.2) (M-
C10H6NO3-O-CH3), 43.0 (14.1) (M- C15H14N3O4). 
 
Figure: 115: EIMS of 5-Acetyl-6-methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl) pyrimidin-
2(1H)-one: (188) 
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3.14.3 5-Acetyl-4-(5׳-(2׳׳-chloro-5׳׳-nitro phenyl) furan-2׳-yl)-6-methylpyrimidin-2(1H)-
one: (189) 
 
189
N
H
N
H3C O
O
ClO2N
H3COC
 
M.P = 1650C 
Yield = 63% 
Molecular formula: C17H12ClN3O5 
1HNMR: (300MHz) (DMSO): δ:  2.402(s, 3H, CH3), 2.490(s, 3H, CH3CO), 7.554(d, 1H, H-3׳׳, 
J=2.07), 7.895(d, 1H, H-4׳׳, J=7.7Hz), 8.399(s, 1H, H-6׳׳), 8.338(s, NH, H-1). 
13CNMR: (75MHz) (DMSO): δ:  19.910(CH3), 26.029(CH3C=O), 196.930(CH3C=O), 
105.459(C-5, C-3׳), 150.982(C-2, 6, 5׳), 169.679(C-4), 146.968(C-2׳), 117.065(C-4׳), 
139.452(C-1 ׳׳ , 2׳׳), 129.781(C-3׳׳), 122.681(C-4׳׳), 148.264(C-5׳׳), 123.003(C-6׳׳) 
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Figure: 116: a) 1HNMR b) 13CNMR of 5-Acetyl-4-(5׳-(2׳׳-chloro-5׳׳-nitro phenyl) furan-2׳-
yl)-6-methylpyrimidin-2(1H)-one: (189) 
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3.14. 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-5, 6-dimethylpyrimidin-2(1H)-one: (190) 
190
N
H
N
O
H3C
H3C
O
Cl
Cl
 
M.P = 1320C 
Yield = 46% 
Molecular formula: C16H12N2O2 
Mass Spectra m/z (%): 336.1 (6.22) (M+2), 334.1 (11.36) (M), 292.0 (8.77) (M-CHNO), 266.0 
(5.70) (M-CHNO-2CH3), 225.0 (33.48) (M-C5H7N2O), 185.0 (22.38) (M-C6H7N2O-CHO), 173.0 
(100) (M-C6H3Cl2-CH3), 145.0 (27.71) (M-C10H9N2O2), 113.0 (19.57) (M-C10H9N2O2-Cl), 77.1 
(10.88) (C6H5). 
1HNMR: (300MHz) (DMSO): δ:  1.690(s, 3H, CH3), 1.886(s, 1H, CH3), 8.021(s, 1H, NH-
dihydropyrimidine), 6.669(d, 2H-furan ring), H-3׳, 4׳ J=12.20Hz), 7.343(s, 1H, H-3׳׳), 7.396(d, 
1H, H-6׳׳, J=3.9Hz), 7.235(d, 1H, H-5׳׳, J=3.6Hz) 
13CNMR: (75MHz) (DMSO): δ:  14.781(CH3), 14.886(CH3), 153.426(NH-C=O), 155.662(C-
4), 107.718(C-5), 147.691(C-6), 148.095(C-2׳), 107.923(C-3׳), 108.467(C-4׳), 152.731(C-5׳), 
130.179(C-1׳׳, C-4׳׳), 129.562(C-2׳׳), 129.330(C-3׳׳, 6׳׳), 127.814(C-5׳׳). 
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Figure: 117: a) EIMS b) 1HNMR of 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-5, 6-
dimethylpyrimidin-2(1H)-one: (190) 
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Figure: 118: 13CNMR of 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-5, 6-dimethylpyrimidin-
2(1H)-one: (190) 
3.14.5 6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2-oxo-N-phenyl-1, 2 dihydropyrimidine-
5-carboxamide: (191) 
191
N
H
N
H3C
O
O
O2N
N
H
O
 
 
M.P = 2150C 
Yield = 56% 
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Molecular formula: C22H16N4O5 
1HNMR: (300MHz) (DMSO): δ:  2.076(3H, CH3), 8.860(s, 2H, 2NH), 6.416(d, 2H (Furan 
ring), H-3׳, 4׳, J=1.8Hz), 7.814(d, 2H, H-2׳׳, 6׳׳, J=6.6Hz), 8.197(d, 2H, H-3׳׳, 5׳׳, J=6.9Hz), the 
phenyl group of amide shows following values on proton NMR spectrum: 
7.596(d, 2H, H-2, 6, J=6.0Hz), 7.275(t, 2H, H-3, 5, J=11.7Hz), 7.025(t, 1H, H-4, J=11.1Hz) 
13CNMR: (75MHz) (DMSO): δ:  17.15(CH3), 102.24(C-5), 158.02(2C, C-2, 6), 164.97(2C, C-
4, C=O amide), 140.38(C-2׳), 108.45(C-3׳), 111.06(C-4׳), 152.67(C-5׳), 135.97(C-1׳׳), 
128.55(C-2׳׳, 6׳׳), 119.68(C-3׳׳, 5׳׳), 150.22(C-4), the phenyl group of amide shows the 
following values at 1HNMR spectrum: 139.27(C-1), 123.16(2C, C-2, 6), 128.55(C-3, 5), 
123.70(C-4). 
 
Figure: 119: 1HNMR of 6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2-oxo-N-phenyl-1, 2 
dihydropyrimidine-5-carboxamide: (191) 
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Figure: 120: 13CNMR of 6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2-oxo-N-phenyl-1, 2 
dihydropyrimidine-5-carboxamide: (191) 
3.14.6 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-6-methyl-2-oxo-N-phenyl-1, 2-
dihydropyrimidine-5-carboxamide: (192) 
192
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N
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M.P = 2250C 
Yield = 63% 
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Molecular formula: C22H15ClN4O5 
Mass Spectra m/z (%): 452.0 (21.2) (M+2), 450 (24.2) (M), 435.0 (3.3) (M-CH3), 420.1 (9.6) 
(M-CH3-O), 358.0 (100) (M-CH3-C6H5), 331.0 (38.1) (M-C7H6NO), 317.0 (9.9) (M-C7H6NO- 
CH3), 304.0 (2.7) (M-C7H6NO-CH3-O), 289.0 (7.1) (M-C7H6NO-CH3-O-NH), 277.0 (8.6) (M-
C6H3ClNO2-O), 268.1 (18.6) (M-C6H3ClNO2- CH3-O), 249.0 (2.7) (M-C3H4N2O-C7H6NO), 
203.0 (5.4) (M-C6H3ClNO2- C6H6N), 186.0 (3.8) (M-C6H3ClNO2- C6H6N-O), 171.0 (7.8) (M-
C6H3ClNO2- C6H6N-O-CH3), 154.0 (4.9) (M-C10H5ClNO3-C6H5), 137.0 (4.2) (M- C10H5ClNO3-
C6H5-CH3), 110.0 (4.9) (M- C10H5ClNO3-C7H6NO), 93.0 (80.4) (M- C10H5ClNO3-C7H6NO-O), 
67.0 (2.5) (M- C12H10N3O2-C6H3ClNO2). 
 
Figure: 121: EIMS of 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-6-methyl-2-oxo-N-
phenyl-1, 2-dihydropyrimidine-5-carboxamide: (192) 
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3.14.7 4-(5׳-(4׳׳-Chloro phenyl) furan-2׳-yl)-6-methyl-2-oxo-N-phenyl-1, 2-
dihydropyrimidine-5-carboxamide: (193) 
193
N
H
N
H3C
O
Cl
O
O
N
H
 
M.P = 1960C 
Yield = 58% 
Molecular formula: C22H16ClN3O3 
Mass Spectra m/z (%): 407 (1.28) (M+2), 405.1 (1.55) (M), 365.1 (3.67) (M-CNO), 231.0 
(28.81) (M-CHN2O-C7H6NO), 139.0 (100) (M-C6H4Cl- C7H6NO-CNO), 93.1 (72.86) (M-
C6H4Cl- C7H6NO-C3H4N2O), 65.1 (51.13) (M- C6H4Cl- C16H12N3O3). 
1HNMR: (300MHz) (DMSO): δ:  2.385(s, 3H, CH3), 10.403(s, 2H, 2NH), 6.326(d, 2H (Furan 
ring), H-3׳, 4׳, J=2.2Hz), 7.425(d, H-2׳׳, 6׳׳, J=6.0Hz), 7.376(d, 2H, H-3׳׳, 5׳׳, J=7.5Hz), the 
phenyl group of amide shows following peaks on spectrum: 7.669(d, 2H, H-2, 6, J=8.4Hz), 
7.376(t, 2H, H-3, 5, H-3, 5, J=6.9Hz), 7.193(t, 1H, H-4, J=10.80Hz).  
13CNMR: (75MHz) (DMSO): δ:  26.169(CH3), 165.455(2C, C-4, C=O, amide), 155.278(2C, C-
2, 6), 139.701(C-2׳), 109.677(C-3׳), 118.882(C-4׳), 155.278(C-5׳), 128.643(C-1׳׳), 128.927(2C, 
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C-2׳׳, 6׳׳), 133.023(2C, C-3׳׳, 5׳׳), 133.330(C-4׳׳), The phenyl group of amide shows following 
values: 
139.701(C-1), 121.590(C-2, 6), 128.927(C-3, 5), 123.433(C-4) 
 
 
Figure: 122: a) EIMS b) 1HNMR of 4-(5׳-(4׳׳-Chloro phenyl) furan-2׳-yl)-6-methyl-2-oxo-
N-phenyl-1, 2-dihydropyrimidine-5-carboxamide: (193) 
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Figure: 123: 13CNMR of 4-(5׳-(4׳׳-Chloro phenyl) furan-2׳-yl)-6-methyl-2-oxo-N-phenyl-1, 
2-dihydropyrimidine-5-carboxamide: (193) 
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3.15 With Thiourea 
General procedure: 
A solution of an active methylene (2 mmol), an aromatic aldehyde (2 mmol) and thiourea (4 
mmol) in ethanol as a solvent was heated under reflux in the presence of a few drops of 
conc.HCl as catalyst for about 3-4 hours. The progress of the reaction was monitored by TLC. 
The reaction mixture was poured in ice or chilled water. Precipitates were filtered, dried and 
washed with water and cold ethanol. The product recrystallized from ethanol. 
3.15.1 With Acetylacetone: 
3.15.1.1 1-(6-Methyl-4-phenyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidin-5-yl) ethanone: (194) 
194
N
H
NH
C6H5
H3COC
H3C S
 
M.P = 1870C (Lit138. m.p. 1850C) 
Yield = 70% 
Molecular formula: C13H14N2OS 
Mass Spectra m/z (%): 246.2 (100) (M), 231.2 (37.3) (M-CH3), 203.2 (44.8) (M-COCH3), 
186.2 (15.2) (M-CH3-HCS), 169.0 (67.5) (M-C6H5), 144.1 (17.6) (M-CHNS-COCH3), 128.1 
(10.4) (M-C6H5-COCH3), 110.1 (12.4) (M-C6H5-NHCS), 77.0 (10.2) (M-C7H9N2OS), 44.0 
(17.0) (M-C11H11N2S).  
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13CNMR: (75MHz) (DMSO): δ:  18.20(CH3), 30.36(CH3), 53.74(CH), 110.43(C), 126.51(CH-
aromatic), 127.64(2CH-aroamtic), 128.59(2CH-aromatic), 142.88(C-aromatic), 144.49(C-N), 
174.06(C=S), 194.73(C=O). 
 
 
Figure: 124: a) EIMS b) 13CNMR of 1-(6-Methyl-4-phenyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidin-5-yl) ethanone: (194) 
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3.15.1.2 1-(4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl)furan-2׳-yl)-6-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)ethanone: (195) 
N
H
NH
H3C S
O
O2N
Cl
H3COC
195  
M.P = 1320C 
Yield = 56% 
Molecular formula: C17H14ClN3O4S 
Mass Spectra m/z (%): 393 (M+2), 391 (M), 378.0 (69.4) (M-CH3), 348.0 (12.7) (M-COCH3), 
333.0 (17.0) (M-COCH3-CH3), 297.0 (9.7) (M-CH3-NO2-Cl), 276.0 (16.1) (M-CH2N2S-COCH3), 
266.0 (75.4) (M-NO2-Cl-COCH3), 251.0 (100) (M-C3H5N2S-COCH3), 220.0 (21.1) (M-
C7H9N2OS), 205.5 (7.4) (M-C6H3ClNO2-S), 193.0 (8.1) (M-C6H3ClNO2-COCH3), 176.0 (8.1) 
(M-C7H9N2OS-NO2), 164.0 (4.4) (M-C6H3ClNO2-CH2N2S), 149.0 (21.4) (M-C6H3ClNO2-
CH2N2S-CH3), 138.0 (5.5) (M-C6H3ClNO2-C3H5N2S), 123.0 (5.5) (M-C11H11N2O2S-Cl), 113.0 
(19.6) (M-C10H5ClNO3-CHNS), 101.0 (3.8) (M-C14H10ClNO4), 87.0 (4.8) (M-C17H14ClN3O4S), 
75.0 (12.7) (M-C17H14ClN3O4S-CH3), 43.0 (7.0) (M-C15H11ClN3O3S).  
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Figure: 125:  EIMS of 1-(4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl)furan-2׳-yl)-6-methyl-2-thioxo-
1,2,3,4-tetrahydropyrimidin-5-yl)ethanone: (195) 
3.15.2 With ethyl benzoylacetate: 
3.15.2.1 Ethyl 4, 6-diphenyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxylate: (196) 
196
N
H
NH
S
O
O
H3C
 
M.P = 1550C  
Yield = 56% 
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Molecular formula: C19H18N2O2S 
Mass Spectra m/z (%): 338.3 (75.5) (M+), 309.2 (92.5) (M-C2H5), 265.2 (100) (M-COOC2H5), 
261.2 (85.7) (M-C6H5), 233.2 (7.8) (M-C2H5- C6H5), 204.2 (11.7) (M- C6H5-CHNS), 77.0 (17.5) 
(C6H5). 
 
Figure: 126:  EIMS of Ethyl 4, 6-diphenyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxylate: (196) 
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3.15.2.2 Phenyl 4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2-yl)-6-ethyl-2-thioxo-1, 2, 3, 4-   
tetrahydropyrimidine-5-carboxylate: (197) 
197
N
H
NH
C6H5 S
O
Cl
O2N
O
O
H3C
 
M.P = 2120C 
Yield = 50% 
Molecular formula: C23H18ClN3O5S 
Mass Spectra m/z (%):  485 (11.6) (M+2), 484 (8.9) (M+1), 483 (26.7) (M), 469.3(39.1) (M-
NH),  454.2 (27.6) (M-C2H5), 437.2 (7.0) (M-NO2), 410.0 (100) (M-CH2N2S), 394.2 (3.1) (M-
CH2N2S-CH3), 380.1 (5.3) (M-CH2N2S-CH3-CH2), 364.2 (21.7) (M-CH2N2S-C2H5OH), 299.2 
(51.9) (M- C6H3ClNO2-C2H5), 285.2 (71.8) (M- C6H3ClNO2-C2H5OH), 253.2 (15.8) (M-
C6H3ClNO2-COOC2H5), 241.2 (4.1) (M-C6H3ClNO2-COOC2H5-NH), 184.1 (9.4) (M-
C6H3ClNO2-COOC2H5-CH2N2S), 154.1 (4.5) (M-C17H15N2O3S), 129.1 (7.3) (M-C6H3ClNO2-
C3H5O2-CHNS-C4H3O), 113.1 (5.0) (M-C17H15N2O3S-NO2), 104.1 (13.7) (M-C16H14ClN2O5S), 
87.1 (2.5) (M-C19H15ClN3O3S), 77.1 (7.5) (M-C17H13ClN3O5S). 
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Figure: 127:  EIMS of Phenyl 4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2-yl)-6-ethyl-2-thioxo-
1, 2, 3, 4-tetrahydropyrimidine-5-carboxylate: (197) 
3.15.3 With Acetophenone: 
3.15.3.1 4-(5׳-(2׳׳-Nitrophenyl) furan-2׳-yl)-6-phenyl-3, 4-dihydropyrimidine-2(1H)-thione: 
(198) 
N
H
NH
C6H5 S
O
NO2
198
 
M.P = 2200C 
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Yield = 56% 
Molecular formula: C20H15N3O3S 
Mass Spectra m/z (%):  377.1 (6.0) (M+), 361.2 (3.8) (M-NH), 345.1 (3.1) (M-HS), 319.1 
(14.7) (M-CHNS), 302.1 (3.7) (CH2N2S), 288.1 (16.1) (M-C6H5-NH), 259.1 (12.0) (M-CH2N2S-
NO2), 188.1 (100) (M-C10H6NO3), 157.1 (40.0) (M- C10H6NO3-HS), 144.1 (29.4) (M-C10H9N2S-
NO2), 116.1 (48.5) (M- C10H6NO3-CH2N2S), 105.0 (89.2) (M-C10H6NO3-C2H5N2S), 77.1 (65.7) 
(C6H5).  
 
Figure: 128:  EIMS of 4-(5׳-(2׳׳-Nitrophenyl) furan-2׳-yl)-6-phenyl-3, 4-dihydropyrimidine-
2(1H)-thione: (198) 
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3.15.3.2 4-(5׳-(4׳׳-Chlorophenyl) furan-2׳-yl)-6-phenyl-3, 4-dihydropyrimidine-2(1H)-
thione: (199) 
199
N
H
NH
C6H5 S
O
Cl
 
M.P = 2010C 
Yield = 34% 
Molecular formula: C20H15ClN2OS 
Mass Spectra m/z (%): 368 (2.8) (M+2), 367 (2.8) (M+), 308.1 (100) (M-CHNS), 291.1 (4.0) 
(M-CHNS-NH), 215.1 (7.2) (M-CH2N2S-C6H5), 202.1 (7.3) (M-CH2N2S-C6H5-CH2), 139.0 
(39.3) (M- C20H15ClN2OS- CH2O), 105.1 (25.0) (M-C10H6ClO- C2H3N2S), 77.1 (21.6) (M-
C14H10ClN2OS). 
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Figure: 129:  EIMS of 4-(5׳-(4׳׳-Chlorophenyl) furan-2׳-yl)-6-phenyl-3, 4-
dihydropyrimidine-2(1H)-thione: (199) 
3.15.4 With Ethyl methyl ketone: 
3.15.4.1 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-5, 6-dimethyl-3, 4-
dihydropyrimidine-2(1H)-thione: (200) 
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M.P = 1950C 
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Yield = 65% 
Molecular formula: C16H14ClN3O3S 
Mass Spectra m/z (%): 365.0 (12.5) (M+2), 363.9 (45.2) (M), 347.9 (43.4) (M-CH3), 332.9 
(8.6) (M-2CH3), 305.0 (100) (M-2CH3-S), 289.9 (91.2) (M-2CH3-NO2), 275.0 (12.1) (M-
CH2N2S-CH3), 261.9 (15.0) (M-CH2N2S-2CH3), 243.9 (13.9) (M-CH2N2S-CH3), 231.0 (4.1) (M-
Cl-NO2-C4H7), 216.0 (6.6) (M-NO2-Cl-C4H8N), 196.0 (7.9) (M-CH2N2S-Cl-NO2), 181.0 (5.8) 
(M-CH2N2S-Cl-NO2-CH3), 152.0 (33.5) (M-C10H11N2OS), 135.0 (72.5) (M-CH2N2S-
C6H3ClNO2), 120.1 (11.7) (M-CH2N2S-CH3-C6H3ClNO2), 113.0 (16.7) (M-C10H5ClNO3-2CH3), 
83.0 (99.6) (M-C6H3ClNO2-C5H9N2S).  
1HNMR: (300MHz) (DMSO): δ:  1.163(s, 3H, CH3, C-6), 1.763(s, 3H, CH3, C-5), 2.170(s, 2H, 
2NH), 4.887(s, 1H, H-4), 6.470(d, 2H (Furan ring), H-3׳, 4׳, J=3.9Hz), 8.267(s, 1H, H-3׳׳), 
8.157(d, 1H, H-5׳׳, J=8.7Hz), 7.642(d, 1H, H-6׳׳, J=3.9Hz) 
13CNMR: (75MHz) (DMSO): δ:  12.88(CH3, C-5), 14.29(CH3, C-6), 52.57(C-4), 101.59(C-3׳), 
109.34(2C, C-5, C-4׳), 128.40(2C, C-3׳׳, 6׳׳), 125.30(C-3׳׳), 118.49(C-5׳׳), 170.9(C=S). 
Anal.Calcd.for C16H14ClN3O3S:  C 52.82; H 3.88; N 11.55%. Found:  C 54.32; H 2.61; N 
8.16% 
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Figure: 130:  a) EIMS b) 1HNMR of 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-5, 6-
dimethyl-3, 4-dihydropyrimidine-2(1H)-thione: (200) 
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Figure: 131:  13CNMR of 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-5, 6-dimethyl-3, 4-
dihydropyrimidine-2(1H)-thione: (200) 
3.15.4.2 4-(5׳-(3׳׳, 4׳׳-dichlorophenyl)furan-2׳-yl)-5,6-dimethyl-3,4-dihydropyrimidine-
2(1H)-thione: (201) 
201
N
H
NH
H3C
H3C
O
Cl
S
Cl
 
M.P = 1540C 
Yield = 80% 
Molecular formula: C16H16Cl2N2OS 
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Mass Spectra m/z (%): 356.1 (2.44) (M+4), 179.1 (100) (M-C6H11N2S-Cl), 157.1 (100) (M-
C6H3Cl2-O-2CH3-NH) 
 
Figure: 132:  EIMS of 4-(5׳-(3׳׳, 4׳׳-dichlorophenyl)furan-2׳-yl)-5,6-dimethyl-3,4-
dihydropyrimidine-2(1H)-thione: (201) 
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3.15.5 With Acetoacetanilide: 
3.15.5.1 6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-N-phenyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (202) 
202
N
H
NH
H3C
O
S
O2N
N
H
O
 
M.P = 2400C 
Yield = 76% 
Molecular formula: C22H18N4O4S 
Mass Spectra m/z (%): 434.1 (2.40) (M+), 341.1 (10.85) (M-C6H5-CH3), 313.1 (14.60) (M-
C7H6NO), 284.1 (46.32) (M-C6H4NO2- CH3-NH), 255.1 (24.66) (M- C6H4NO2-CHNS), 191.0 
(39.18) (M- C6H4NO2- C7H6NO), 139.0 (33.89) (M- C10H6NO3- C6H6N-CH3), 93.1 (100) (M- 
C16H12N3O4S). 
1HNMR: (300MHz) (DMSO): δ:  2.112(s, 3H, CH3), 2.491(s, 2H, 2NH), 3.320(s, CH, H-4), 
10.176(s, NH-Amide), 5.537(d, 1H, H-3׳, J=2.7Hz), 6.454(d, H-4׳, J=3.3Hz), 7.828(d, 2H, H-2׳׳, 
6׳׳, J=9.0Hz), 8.228(d, 2H, H-3׳׳, 5׳׳, J=9.0Hz), the phenyl group of Amide shows the following 
values on proton NMR spectrum: 
7.694(H-2, 6), 7.282(H-3, 5), 7.013(H-4) 
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13CNMR: (75MHz) (DMSO): δ:  16.59(CH3), 49.02(C-4), 174.93(C-2, NHCSNH), 156.48(C-
6), 104.10(2C, C-5, 3׳), 164.52(C=O, amide), 150.50(2C, C-2׳, 5׳), 109.24(C-4׳), 137.36(C-1׳׳), 
128.57(2C, C-2׳׳, 6׳׳), 119.90(2C, C-3׳׳, 5׳׳), 145.89(C-4׳׳), the phenyl group of amide shows 
following carbon peaks: 
135.81(C-1), 119.73(C-2, 6), 128.76(C-3, 5), 123.99(C-4) 
 
 
Figure: 133:  a) EIMS b) 1HNMR of 6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-N-phenyl-
2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (202) 
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Figure: 134: 13CNMR of 6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-N-phenyl-2-thioxo-1, 
2, 3, 4-tetrahydropyrimidine-5-carboxamide: (202) 
3.15.5.2 6-Methyl-4-(5׳-(3׳׳-nitrophenyl) furan-2׳-yl)-N-phenyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (203) 
203
N
H
NH
H3C
O
S
NO2
N
H
O
 
M.P = 1900C 
Yield = 65% 
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Molecular formula: C22H18N4O4S 
Mass Spectra m/z (%):  434.0 (8.6) (M+), 431.9 (22.3) (M-H), 416.9 (37.9) (M-H-CH3), 401.95 
(23.7) (M-S), 339.9 (100) (M-H-C6H6N), 310.0 (44.6) (M-H-C6H4NO2), 298.9 (11.5) (M-
C7H6NO-CH3), 255.0 (4.8) (M-C7H6NO-CH3-NO2), 239.9 (27.4) (M-C7H6NO-S- NO2), 225.0 
(2.1) (M-C7H6NO-S- NO2-CH3), 193.9 (6.2) (M-C7H6NO-C6H4NO2), 169.0 (4.0) (M-C10H6NO3- 
C6H5), 139.9 (4.6) (M-C10H6NO3-C6H5-S), 119.0 (7.1) (M-C15H12N3O3S), 93.0 (5.8) (M- 
C16H12N3O4S), 77.0 (3.9) (M- C16H13N4O4S), 42.0 (3.0) (M-C6H5-C15H12N3O3S) 
Anal.Calcd.for C22H18N4O4S:  C 60.82; H 4.18; N 12.90%. Found:  C 60.34; H 3.23; N 
12.71% 
 
Figure: 135: EIMS of 6-Methyl-4-(5׳-(3׳׳-nitrophenyl) furan-2׳-yl)-N-phenyl-2-thioxo-1, 2, 
3, 4-tetrahydropyrimidine-5-carboxamide: (203) 
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3.15.5.3 4-(5׳-(4׳׳-Chlorophenyl) furan-2׳-yl)-6-methyl-N-phenyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (204) 
204
N
H
NH
H3C
O
Cl
S
N
H
O
 
M.P = 2410C 
Yield = 59% 
Molecular formula: C22H18ClN3O2S 
Mass Spectra m/z (%): 388.1 (2.5) (M-Cl), 366.0 (3.75) (M-CHNS), 179.0 (100) (M-
C12H12N3OS), 157.1 (66.25) (M- C12H10ClN2OS). 
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Figure: 136: EIMS of 4-(5׳-(4׳׳-Chlorophenyl) furan-2׳-yl)-6-methyl-N-phenyl-2-thioxo-1, 
2, 3, 4-tetrahydropyrimidine-5-carboxamide: (204) 
3.15.6 With Aceto p-chloroacetanilide: 
3.15.6.1 N-(4-chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-thioxo-1, 
2, 3, 4-tetrahydropyrimidine-5-carboxamide: (205) 
205
N
H
NH
H3C
O
Cl
Cl
S
O
HNCl
 
M.P = 2300C 
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Yield = 66% 
Molecular formula: C22H16Cl3N3O2S 
Mass Spectra m/z (%): 495.9 (2.4) (M+4), 493.9 (6.8) (M+2),  492.9 (2.66) (M+), 491.0 (3.80) 
(M),  458.9(M-S), 365.1 (18.62) (M-C6H5ClN), 337.3 (18.79) (M-C7H5ClNO), 317.9 (31.17) (M-
3Cl-CH3-CHNS), 281.0 (12.88) (M-C10H5Cl2O), 264.9 (30.03) (M-C10H5Cl2O-CH3), 208.9 
(9.63) (M-C12H11ClN3OS), 172.9 (84.63) (M-C10H5Cl2O-C6H4Cl), 152.9 (50.04) (M-
C15H11Cl2N2OS), 126.9 (100) (M-C16H11Cl2N2O2S).  
1HNMR: (300MHz) (DMSO): δ:  2.099(s, 2H, 2NH), 2.490(s, 3H, CH3), 5.525(d, 1H, H-4, 
J=3.0Hz), 10.196(s, 1H, NH-amide), 6.404(d, 2H (Furan ring), C-3׳, 4׳, J=3.3Hz), 7.351(s, 1H, 
H-3׳׳), 7.084(d, 1H, H-5׳׳, J=3.6Hz), 7.336(d, 1H, H-6׳׳, J=8.7Hz), The phenyl group of the 
amide shows following values: 
7.618(d, 2H, H-2, 6, J=8.7Hz), 7.084(d, 2H, H-3, 5, J=3.6Hz) 
13CNMR: (75MHz) (DMSO): δ:  16.597(CH3), 174.964(C=S), 164.565(C=O), 154.737(3C, C-
6, C-1׳, 4׳), 108.433(2C, C-5, C-4׳), 48.828(C-4), 137.825(2C, C-1׳׳, 4׳׳), 132.330(C-2׳׳), 
130.137(2C, C-3׳׳, 6׳׳), 127.573(C-5׳׳), The phenyl group of the amide shows following values: 
132.330(C-1), 121.212(2C, C-2, 6), 129.601(3C, C-3, 4, 5) 
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Figure: 137: a) EIMS b) 1HNMR of N-(4-chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) 
furan-2׳-yl)-6-methyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (205) 
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Figure: 138: 13CNMR of N-(4-chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-6-
methyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (205) 
3.15.6.2 N-(4-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-thioxo-1, 
2-dihydropyrimidine-5-carboxamide: (206) 
206
N
H
NH
H3C S
HN
O
Cl
O
Cl
Cl
 
M.P = 1890C 
Yield = 29% 
Molecular formula: C22H16Cl3N3O2S 
248 
 
Mass Spectra m/z (%):  520.2 (2.5) (M+6+Na), 475.2 (4.00) (M-CH3), 433.0 (34.98) (M-
CHNS), 411.1 (19.15) (M-Cl-NH-S), 399.4 (10.32) (M-CHNS-Cl), 366.5 (4.99) (M-C6H5ClN), 
352.1 (9.15) (M-CHNS-Cl), 366.5 (4.99) (M-C6H5ClN), 352.1 (9.99) (M-C6H5ClN-O), 326.4 
(100) (M-C3H5N2S-2Cl), 312.0 (5.32) (M-C6H3Cl2-Cl), 284.1 (6.32) (M-C6H3Cl2-Cl-S), 261.2 
(2.66) (M-C6H3Cl2-CH2N2S-CH3), 238.3 (3.66) (M-C6H3Cl2-CH2N2S-Cl-S), 217.1 (6.32) (M-
C10H5Cl2O-Cl-S), 179.1 (18.32) (M-C12H11ClN3OS-Cl), 151.1 (2.49) (M-C15H11Cl2N2OS), 129.1 
(4.32) (M-C10H5Cl2O-C7H5ClNO) 
 
Figure: 139: EIMS of N-(4-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-6-
methyl-2-thioxo-1, 2-dihydropyrimidine-5-carboxamide: (206) 
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3.15.6.3 N-(4-chlorophenyl)-6-methyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (207) 
207
N
H
NH
H3C S
HN
O
O
NO2
Cl
 
 
M.P = 2340C 
Yield = 55% 
Molecular formula: C22H17ClN4O4S 
Mass Spectra m/z (%):  494.3 (8.0) (M+2+Na), 438.3 914.0) (M-HS), 401.3 (8.0) (M-S-Cl), 
392.2 (23.5) (M-CH2N2S), 371.3 (11.5) (M-NO2-Cl-CH3), 351.0 (7.8) (M-CH2N2S-NO2), 331.1 
(20.2) (M-C6H4NO2-CH3), 311.0 (5.2) (M-C6H4Cl-NO2), 292.3 (2.5) (M-C3H5N2S-Cl-NO2), 
263.0 (17.2) (M-C10H6NO3-O), 239.3 (100) (M-C6H4NO2-C6H4NO2-C6H4Cl), 208.0 (9.5) (M-
C6H4NO2-C6H5ClN-CH3), 179.1 (5.0) (M-C6H4NO2-C7H5ClNO-CH3), 139.1 (85.0) (M-
C10H6NO3-C6H4Cl-S),143.1 (7.1) (M-C10H6NO3-C6H5ClN-CH3), 113.2 (12.78) (M-C10H6NO3-
C7H5ClNO-CH3). 
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Figure: 140: EIMS of N-(4-chlorophenyl)-6-methyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-2-
thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (207) 
3.15.6.4 N-(4-chlorophenyl)-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-thioxo-1, 
2, 3, 4-tetrahydropyrimidine-5-carboxamide: (208) 
208
N
H
NH
H3C S
HN
O
O
Cl
Cl
Cl
 
M.P = 2550C 
Yield = 67% 
251 
 
Molecular formula: C22H16Cl3N3O2S 
Mass Spectra m/z (%):  586.3 (1.11) (M+4Na+4H), 494.8 (5.10) (M+4), 476.4 (2.66) (M-CH3), 
456.4 (4.21) (M-Cl), 408.0 (4.66) (M-2Cl-CH3), 380.3 (25.55) (M-C6H4Cl), 388.4 (1.11) (M-
3Cl), 373.5 (1.2) (M-3Cl-CH3), 359.4 (9.1) (M-3Cl-CH3-S), 350.4 (5.55) (M-CH2N2S-2Cl), 
326.4 (100) (M-C8H6ClNO), 302.0 (6.66) (M-C6H3Cl2-S-CH3), 280.9 (5.55) (M-C10H5Cl2O), 
257.0 (3.33) (M-C6H3Cl2-Cl-CHNS), 239.3 (22.22) (M-C6H3Cl2-CH2N2S-Cl), 229.3 (6.43) (M-
C7H5ClNO-CH2N2S-Cl), 206.1 (5.55) (M-C6H3Cl2-C6H5ClN-CH3), 183.0 (4.46) (M-C7H5Cl2-
C8H10N2OS), 179.1 (14.44) (M-C6H3Cl2-C7H5ClNO-CH3), 138.1 (8.43) (M-C6H3Cl2-C7H5ClNO-
CHNS), 111.2 (1.10) (M-C16N12Cl2N3O2S) 
 
Figure: 141: EIMS of N-(4-chlorophenyl)-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-6-
methyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (208) 
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3.15.6.5 4-(5׳-(5׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-yl)-N-(4-chlorophenyl)-6-methyl-2-
thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (209) 
N
H
NH
H3C S
HN
O
O
Cl
NO2Cl
209
 
M.P = 1770C 
Yield = 54% 
Molecular formula: C22H16Cl2N4O4S 
Mass Spectra m/z (%):  504(M+2), 486.6(M-CH3), 442.7(M-NO2-CH3), 422.3(M-Cl-NO2), 
407.5(M-Cl-CH3-NO2), 401.9(M-C3H5N2S), 392.5(M-C6H4Cl), 381.3(M-CH2N2S-Cl-CH3), 
373.0(M-2Cl-NO2-CH3), 359.3(M- C6H4Cl-S), 332.6(M-C6H3ClNO2-CH3), 326.0(M-C6H5ClN-
Cl-CH3), 315.5(M- C7H5ClNO-Cl), 301.0(M-C7H5ClNO-Cl-CH3), 286.9(M-C6H5ClN-CHNS-
Cl), 271.1(M- C6H5ClN-CHNS-Cl-CH3), 267.1(M-C10H5ClNO3-CH3), 255.8(M-C7H5ClNO-
CHNS-Cl), 245.6(M- C10H5ClNO3-Cl), 234.0(M-C10H5ClNO3-Cl-NH), 222.9(M-C10H5ClNO3), 
213.2(M- C10H5ClNO3-Cl-S), 203.3(M- C11H8ClN2O3-Cl-CH3), 189.1(M-C12H11ClN3OS-Cl), 
184.1(M- C10H9ClNO-Cl-NO2-S-NH), 166.8(M-C14H12Cl2N4O4S), 156.9(M-C10H5ClNO3-
C6H5ClN), 144.1(M- C12H11ClN3OS-Cl- NO2), 138.9(M-C15H11ClN3O3S-O), 130.1(M- 
C12H11ClN3OS-Cl- NO2-O), 122.1(M- C16H13ClN3O2S-Cl), 107.1(M-C6H3ClNO2-C10H10ClN2O-
S). 
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Figure: 142: EIMS of 4-(5׳-(5׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-yl)-N-(4-chlorophenyl)-6-
methyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (209) 
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3.15.6.6 N-(4-chlorophenyl)-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-thioxo-1, 
2, 3, 4-tetrahydropyrimidine-5-carboxamide: (210) 
N
H
NH
H3C S
HN
O
O
Cl
ClCl
210
 
M.P = 2090C 
Yield = 46% 
Molecular formula: C22H16Cl3N3O2S 
Mass Spectra m/z (%): 543.5 (5.25) (M+6+2Na), 456.1 (10.25) (M-Cl), 412.0 (5.5) (M-NH-S-
Cl), 388.5 (10.0) (M-3Cl), 380.2 (10.5) (M-C6H4Cl), 370.1 (6.25) (M-Cl-CH3-CH2N2S), 350.1 
(30.25) (M-C6H5ClN-CH3),  326.4 (83.75) (M-C8H6ClNO), 309.2 (100) (M-C6H4Cl-2Cl), 310.3 
(20.0) (M-C6H3Cl2-Cl), 301.9 (2.5) (M-C6H3Cl2-O-S), 280.9 (6.25) (M-C10H5Cl2O), 262.5 (3.0) 
(M-C6H3Cl2-CH2N2S-CH3), 239.3 (31.0) (M-C6H3Cl2-CH2N2S-CH3-Cl), 221.1 (7.5) (M-
C10H5Cl2O-CHNS), 186.0 (12.5) (M-C10H5Cl2O-CHNS-Cl), 179.0 (20.25) (M-C12H11ClN3OS-
Cl), 166.8 (7.75) (M-C14H12Cl2N2OS), 154.9 (8.0) (M-C15H11Cl2N2OS), 124.2 (92.75) (M-
C16H11Cl2N2O2S), 111.2 (4.75) (M-C16H12Cl2N3O2S) 
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Figure: 143: EIMS of N-(4-chlorophenyl)-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-6-
methyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (210) 
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3.15.7 With Aceto o-chloroacetanilide: 
3.15.7.1 N-(2-chlorophenyl)-6-methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (211) 
211
N
H
NH
H3C S
HN
O
OCl
O2N
 
M.P = 1860C 
Yield = 58% 
Molecular formula: C22H17ClN4O4S 
Mass Spectra m/z (%):  469.2 (2.5) (M+),435.1 (5.5) (M-S), 391.4 (3.5) (M-S-NO2), 372.3 (4.0) 
(M-Cl-NO2-CH3), 326.4 (47.5) (M-C3H5N2S-NO2), 327.4 (22.5) (M-C6H5ClN-O), 331.1 (1.0) 
(M-C6H4NO2-CH3), 269.2 (5.0) (M-C6H4NO2-CH3-S-Cl), 229.2 (0.5)(M-C6H4NO2-Cl-CH2N2S-
CH3), 217.2 (24.5) (M-C10H6NO3-Cl-S), 209.2 (6.0) (M-C10H6NO3-CH2N2S), 179.1 (21.0) (M-
C6H4NO2-C6H5ClN-S-CH3), 166.0 (4.5) (M-C6H4NO2-C7H5ClNO-CH3-NH), 139.1 (100) (M-
C10H6NO3-C6H5ClN-O), 116.2 (4.0) (M-C12H11ClN3O5-NO2-CHO), 113.1 (21.5) (M-C10H6NO3-
C6H5Cl-CHNS) 
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Figure: 144: EIMS of N-(2-chlorophenyl)-6-methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2-
thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (211) 
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3.16 Aromatization 
General procedure: Equimolar quantities of dihydropyrimidine and bleaching powder were 
taken along with 5mL of water and 5mL of ethyl acetate. The mixture was stirred at room 
temperature for 5 minutes, and then extracted with water and ethyl acetate. Precipitates were 
filtered dried and washed with water and cold ethanol. The product was recrystallized from 
ethanol. 
3.16.1 4, 6-Diphenylpyrimidine-2(1H)-thione: (212) 
212
N
H
N
S
 
M.P = 2680C 
Yield = 62% 
Molecular formula: C16H12N2S 
Mass Spectra m/z (%): 264.1 (18.8) (M+), 231.1 (9.6) (M-HS), 189.1 (79.4) (M-C6H5), 130.1 
(14.8) (M-C6H5-CH2NS), 104.1 (47.3) (M-C6H5-CH2NS-CHN), 77.0(M-C10H7N2S). 
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Figure: 145: EIMS of 4, 6-Diphenylpyrimidine-2(1H)-thione: (212) 
3.16.2 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-6-phenylpyrimidine-2(1H)-thione: (213) 
213
N
H
N
C6H5 S
O
Cl
Cl
 
M.P = 1500C 
Yield = 59% 
Molecular formula: C20H12Cl2N2OS 
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Mass Spectra m/z (%): 400.9 (73.1) (M+2), 398.9 (100) (M+), 340.0 (9.7) (M-CHNS), 324.9 
(5.6) (M-CHN2S), 276.0 (13.4) (M-C6H5-Cl-NH), 239.0 (10.6) (M-C8H6N2S), 224.9 (19.7) (M-
C9H7N2S), 202.0 (80.6) (M-C8H6N2S-Cl), 172.9 (87.9) (M-C8H6N2S-2Cl), 144.9 (8.0) (M-
C10H7N2S-2Cl), 77.0 (10.0) (M-C14H7Cl2N2OS) 
 
Figure: 146: EIMS of 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-6-phenylpyrimidine-2(1H)-
thione: (213) 
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3.16.3 1-(6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2-thioxo-1, 2-dihydropyrimidin-5-yl) 
ethanone: (214) 
214
N
H
N
H3C S
O
O2N
H3COC
 
M.P = 2020C 
Yield = 42% 
Molecular formula: C17H13N3O4S 
Mass Spectra m/z (%): 356.0(M+), 338.1 (2.2) (M-CH3), 310.1 (100) (M-COCH3), 299.1 (9.1) 
(M-CH3-COCH3), 280.1 (17.6) (M-COCH3-HS), 264.1 (15.3) (M-NO2-CH3-S), 242.1 (10.9) (M-
COCH3-CHN2S), 218.1(9.3) (M-C6H4NO2-COCH3), 189.1 (27.8) (M-C7H7N2OS), 150.0 (6.2) 
(M-C10H6NO3-CH3), 125.0 (4.3) (M-C10H6NO3-COCH3), 82.9 (39.2) (M-C12H8N3O3), 57.1 
(10.4) (M-C14H11N3O3S), 44.0 (2.2) (M-C15H10N3O3S). 
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Figure: 147: EIMS of 1-(6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2-thioxo-1, 2-
dihydropyrimidin-5-yl) ethanone: (214) 
3.16.4 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-6-methyl-N-phenyl-2-thioxo-1, 2-
dihydropyrimidine-5-carboxamide: (215) 
215
N
H
N
H3C
O
Cl
S
Cl
N
H
O
 
M.P = 2350C 
Yield = 67% 
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Molecular formula: C22H15Cl2N3O2S 
Mass Spectra m/z (%):  319 (2.64) (M-C7H6NO-CH3), 179.1 (100) (M-C12H10N3OS-Cl), 157.1 
(100) (M-C12H7Cl2N2OS). 
 
Figure: 148: EIMS of 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-6-methyl-N-phenyl-2-
thioxo-1, 2-dihydropyrimidine-5-carboxamide: (215) 
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3.16.5 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-6-methyl-N-phenyl-2-thioxo-1, 2-
dihydropyrimidine-5-carboxamide: (216) 
216
N
H
N
H3C
O
S
O2N
Cl
N
H
O
 
M.P = 1570C 
Yield = 69% 
Molecular formula: C22H15ClN4O4S 
Mass Spectra m/z (%): 468.0 (2.4) (M+2), 466.8 (2.7) (M), 427.8 (19.3) (M-C2H6N), 400.9 
(100) (M-Cl-HS), 375.9 (15.8) (M-C6H6N), 358.9 (5.2) (M-C6H6N-O), 342.9 (9.9) (M-NO2-
C6H5), 323.9 (98.4) (M-C6H6N-NO2), 293.9 (23.6) (M-C7H6NO-CNS), 283.9 (35.6) (M-C6H6N- 
NO2-Cl-CH3), 254.9 (17.8) (M-C7H6NO-NO2-Cl-CH3), 241.9 (58.1) (M-C7H6NO-NO2-Cl-CH3-
NH), 216.9 (16.5) (M-C10H5ClNO3-NH-CH3), 195.9 (18.4) (M-C7H6NO-NO2-Cl-CHN2S), 169.0 
(8.7) (M-C7H6NO-NO2-Cl-C3H4N2S), 149.9 (66.4) (M-C7H6NO-C6H3ClNO2-NH-S), 119.0 
(24.4) (M-C15H9ClN3O3S), 93.0 (87.1) (M-C16H9ClN3O4S), 77.0 (20.6) (M-C16H10ClN4O4S), 
44.0 (53.5) (M-C22H15ClN3O2S) 
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Figure: 149: EIMS of 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-6-methyl-N-phenyl-2-
thioxo-1, 2-dihydropyrimidine-5-carboxamide: (216) 
3.16.6 N-(2-chlorophenyl)-6-methyl-4-(5׳-(4׳׳-nitrophenyl)furan-2׳-yl)-2-thioxo-1, 2-
dihydropyrimidine-5-carboxamide : (217) 
N
H
N
H3C S
HN
O
OCl
O2N
217
 
 
 
M.P = 1270C 
Yield = 62% 
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Molecular formula: C22H15ClN4O4S 
Mass Spectra m/z (%): 468.2 (2.5) (M+2), 466.0 (1.5) (M), 435.1 (5.0) (M-S), 415.3 (5.6) (M-
Cl-CH3), 391.4 (3.5) (M-NO2-S), 372.3 (3.4) (M-Cl-NO2-CH3), 326.4 (47.3) (M-C6H5ClN-OH), 
269.2 (2.5) (M-C6H4NO2-Cl-NH-S), 229.2 (1.7) (M-C10H6NO3-Cl-CH3), 217.2 (18.5) (M- 
C6H4NO2-C6H5ClN), 209.2 (5.7) (M-C6H4NO2-C7H5ClNO-CHNS). 
 
Figure: 150: EIMS of N-(2-chlorophenyl)-6-methyl-4-(5׳-(4׳׳-nitrophenyl)furan-2׳-yl)-2-
thioxo-1, 2-dihydropyrimidine-5-carboxamide : (217) 
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3.17 Amino Acids Catalyzed Biginelli Protocols 
General procedure: 
A mixture of benzaldehyde (4.2 g, 40 mmol), ethyl acetoacetate (5.2 g, 40mmol), urea (or 
thiourea) 45 mmol, an amino acid (0.01 mmol) and 10 mL of ethanol was heated under reflux (or 
stirred at room temperature). After cooling, the reaction mixture was diluted with water and the 
precipitated product was filtered, washed with water, dried and recrystallized from ethanol. 
3.17.1 Ethyl 6-methyl-2-oxo-4-phenyl-1, 2, 3, 4-tetrahydropyrimidine-5-carboxylate: (218) 
N
H
NH
OH3C
OH3C
O
218  
M.p: 2000C (Lit.83 202ºC) 
IR (KBr, nmax, cm-1): 3239, 3110, 1725, 1702, 1646.  
1H NMR (300MHz): (DMSO): d: 1.06 (3H, t, J =7.2 Hz), 2.23 (3H, s), 3.98 (2H, q, J = 7.2 Hz), 
5.12 (1H, s), 7.21-7.32 (5H, m), 7.60 (1H, s), 9.14 (1H, s)83. 
The reaction was tried with many amino acids as catalyst the individual detail is as under: 
3.17.1.1 With Glycine: 
M.P = 1960C 
Yield = 87% 
3.17.1.2 With Hippuric acid: 
M.P = 1960C 
Yield = 68% 
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3.17.1.3 With Glutamic acid: 
M.P =2010C 
Yield = 74%  
3.17.1.4 With L. leucine: 
M.P = 1940C 
Yield = 68% 
3.17.1.5 With Tryptophan: 
M.P = 1960C 
Yield = 83% 
3.17.1.6 With Histidine: 
M.P = 1960C 
Yield = 83% 
3.17.2 Ethyl 6-methyl-4-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate: (219) 
N
H
NH
SH3C
OH3C
O
219  
 
M.p. 196 ºC (Lit13. 205-206 ºC)  
IR (KBr, nmax, cm-1): 3234, 3104, 1729, 1639, 1225. 
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3.17.2.1 With Glycine: 
M.P = 1960C 
Yield = 74% 
3.17.2.2 With Hippuric acid: 
M.P = 1960C 
Yield = 71% 
3.17.2.3 With Glutamic acid: 
M.P = 1950C 
Yield = 81% 
3.17.2.4 With L. leucine: 
M.P = 1950C 
Yield = 77% 
3.17.2.5 With Tryptophan: 
M.P = 1960C 
Yield = 72%  
3.17.2.6 With Histidine: 
M.P = 1960C 
Yield = 69% 
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4.1 Hantzch Reaction 
Dihydropyridines are the important class of bioactive molecules; some of these are commercially 
available medicines for cardiovascular diseases140 while some are also used as anti-oxidant, anti-
hypertensive, anti-microbial agents141.  
As has been mentioned earlier in the literature review a large number of dihydropyridines 
prepared through this process have been reported where a variety of conditions employing 
diverse active methylene compounds and aromatic as well as aromatic aldehydes have been 
employed. In order to synthesis novel dihydropyridines which could be tested for their efficacy 
as agents in biological testing, we have attempted to employ, hitherto unreported heterocyclic 
aldehydes- 5-arylfuran-2-carbaldehydes for this purpose and now like to present our results in 
this thesis. 
As far as the Hantzsch dihydropyridine synthesis is concerned the aromatic aldehydes reacts very 
well with active methylene compounds thus giving very good yield of the products. 
The general scheme is as follows: (Scheme 22) 
ArCHO + R3CH2R2+ R3CH2R2 + NH3
N
H
R2
R3R3
R2
Ar
Ar=Aryl Furan, R2=Me, Ph, R3=H, COOEt, COCH3, CONHAr etc
Scheme 22  
That there are various possibilities of varying parameters of the reactants but for the present 
work for the aldehyde part, aryl furfurals have been chosen since there is no information to the 
present knowledge of this reaction however simple furan-2-carbaldehydes have been reported to 
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take part in this reaction. For the “active methylene” compounds as reactants, the scope is 
unlimited but a few representatives have been used as simple components and some “mixed” 
ones. 
In the following the reactions performed during the progress of this thesis are presented: 
4.1.1 With Ethyl aceto acetate: 
4.1.1.1 Diethyl 2, 6-dimethyl-4-(3׳-nitrophenyl)-1, 4-dihydropyridine-3, 5-dicarboxylate: 
(110) 
N
H
NO2
COOEt
CH3H3C
EtOOC
CH3
O
O
O
H3C
NH4+ CH3
O
-O+
+ Ethanol
Reflux
NO2
CHO
Scheme 23
110  
This reaction was performed as model reaction and the spectral detail is as follows: 
IR spectrum of the compound shows a peak of carbonyl of ester at 1702cm-1, aromatic ring at 
2359.9 cm-1, NH group at 3341.2 cm-1 and C-NO2 at 1522.0 cm-1. 
1HNMR spectrum showed the peaks of six protons two methyl groups at 2.358ppm in the form 
of two singlets, six methyl protons of ester appeared at 1.208ppm as triplet, and four methylene 
protons of ester appeared at 4.075ppm as quartet. The NH proton, which is a confirmation of 
dihydropyridine synthesis, appeared at 8.1ppm in the form of a singlet. The peaks of aromatic 
protons appear at 7.40-7.99ppm. 
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As far as the data of 13CNMR is concerned the ester carbons are at 14.20, 59.95 and 167.07ppm 
(CH3, CH2, C=O respectively). The six aromatic carbons are in the range of 121.28-134.48ppm. 
EIMS shows that the base peak is at 374.2 while the molecular mass of the compound is 374.15.  
All the results including the CHN microanalysis proved the formation of the desired product; 
these results were then confirmed by literature as this compound is a known one. 
4.1.1.2 Diethyl 2, 6-dimethyl-4-(5׳-(4׳׳-nitro phenyl) furan-2׳-yl)-1, 4 dihydropyridine -3, 5-
dicarboxylate: (111) 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
O
NO2
CHO
CH3
O
O
O
H3C
NH4+ CH3
O
-O++ Ethanol
Reflux
Scheme 24
111
 
IR spectrum shows N-H peak at 3834.9cm-1, C-H of CH3 at 2984.0cm-1. 13CNMR indicated the 
presence of the carbons as depicted in experimental section. The characteristic carbons are ester 
carbons which are at 14.08, 61.70 and 167.20ppm (CH3, CH2 and C=O respectively). The furan 
part carbons are at 150.21, 100.37, and 107.70ppm. EIMS confirmed that molecular mass of the 
compound which is at 440.2 and the 100% peak is at 411.2 which is M-2CH3. All the analytical 
data of the compound confirmed the synthesis of the desired compound. 
The mass fragmentation pattern may be as follows: (Scheme 25) 
274 
 
N
O
CH3H3C
H
NO2
O
O
CH3O
O
H3C
-2CH3
-30
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C18H14N2O4
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-
C 10
H 6
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3
-
18
8.0
35
C13H18NO4
m/z:252.124
-2C
2 H
5
-58
C9H8NO4
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-CH3
-15
C8H5NO4
m/z: 179.03
-C
17 H
22 NO
5
-320
.134
C6H2NO2
m/z: 120.024
Scheme 25
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The fragmentation pattern shows that the molecular ion after losing a methyl and a nitro gives a 
cation. And after losing a major fragment of its aldehydic part it gives a peak at 120.024. The 
loss of its ester group resulted into the formation of a peak at 367.12 which is followed by the 
loss of other ester group and peak appeared at 294.10. 
Almost same pattern is being followed by all the compounds synthesized by using 
ethylacetoacetate as an active methylene in my work. Where there is deviation, it will be 
mentioned. 
4.1.1.3 Diethyl-2, 6-dimethyl 4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-1, 4-dihydropyridine 
-3, 5-dicarboxylate: (112) 
Scheme 26
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
Cl
O
CHO
CH3
O
O
O
H3C
NH4+ CH3
O
-O++ Ethanol
Reflux
Cl
Cl
112  
A similar reaction of 5-(2, 3-dichlorophenyl) furan-2-carbaldehyde, ethylacetoacetate and 
ammonium acetate provided (112) in 43% yield. It was also confirmed and characterized by IR, 
1HNMR, 13CNMR, EIMS and CHN microanalysis. 13CNMR spectra of the compound showed 
the expected result and as far as 1HNMR is concerned the 6protons of 2methyl groups of ester 
are appeared at 1.261ppm as triplet and J value is 10.71Hz, the quartet of 4protons of ester 
methylene are at 4.197ppm and J value is at 10.86Hz. EIMS confirmed the molecular weight and 
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further fragmentation confirmed the presence of substituents. Calculated molecular mass is 463 
and shown by EIMS is 463. The explanation of results is given in experimental section. 
4.1.1.4 Diethyl-2, 6-dimethyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl) 1, 4-
dihydropyridine-3, 5-dicarboxylate: (113) 
Scheme 27
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In this reaction 5-(2-chloro-4-nitrophenyl) furan-2-carbaldehyde was reacted with 
ethylacetoacetate followed by ammonium acetate in a similar way to give (113) in 59% yield. It 
was also characterized by the techniques such as IR, NMR, EIMS and CHN microanalysis. The 
carbonyl peak appeared in 13CNMR is at 167.13ppm, in IR at 1652.7cm-1. EIMS confirmed the 
molecular mass, 100% peak is at 401.0 which confirmed the presence of ester substituent. All 
other peaks are as expected. 
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4.1.1.5 Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2-yl) -1, 4-dihydropyridine-3-=, 5-
dicarboxylate: (114) 
Scheme 28
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In this reaction 5-(2-nitrophenyl) furan-2-carbaldehyde was made to react with ethyl acetoacetate 
and ammonium acetate in ethanol as solvent, resulted into the formation of (115). It was 
characterized through IR, 1HNMR, 13CNMR, EIMS and CHN microanalysis. All the peaks were 
as expected and their result is described in experimental section. The only deviation is in 
13CNMR spectra which show the C-2׳׳ i-e C-NO2 at 127.561, which confirms the presence of 
NO2 group at this position. 
4.1.1.6 Diethyl-2, 6-dimethyl 4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2-yl) 1, 4-dihydropyridine-
3, 5-dicarboxylate: (115) 
Scheme 29
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In this reaction one mole of 5-(2, 4-dichlorophenyl) furan-2-carbaldehyde was condensed with 
two moles of ethylacetoacetate followed by its reaction with ammonium acetate, the 
corresponding dihydropyridine is synthesizes in 83% yield. It was also characterized through IR, 
13CNMR, 1HNMR, EIMS and CHN microanalysis. In 1HNMR, N-H proton appeared at 
9.052ppm, and 13CNMR showed that C-2 and C-4 at 130.28ppm. All other peaks confirmed its 
synthesis. 
4.1.1.7 Diethyl-2, 6-dimethyl- 4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2-yl) -1, 4-
dihydropyridine-3, 5-dicarboxylate: (116) 
Scheme 30
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Same is the case with this reaction, 5-(5-chloro-2-nitrophenyl) furan-2-carbaldehyde was reacted 
with ethylacetoacetate and ammonium acetate. The synthesis was confirmed by all available and 
affordable techniques (IR, EIMS, 1HNMR, 13CNMR and CHN microanalysis). In 13CNMR C-5 
and C-2 appeared at 132.567 and 146.107ppm respectively. 
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4.1.1.8 Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-chloro-5׳׳--nitro phenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxylate: (117) 
Scheme 31
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A similar reaction of 5-(2-chloro-5-nitrophenyl) furan-2-carbaldehyde with ethylacetoacetate and 
ammonium acetate as mentioned above was carried out to produce diethyl 2,6-dimethyl-4-(5-(2-
chloro-5-nitrophenyl) furan-2-yl)-1,4-dihydropyridine-3, 5-dicarboxylate in 25% yield. The 
product was confirmed with the help of IR, NMR, EIMS and CHN microanalysis. All the peaks 
are same as described previously with a little difference due to substituents. In 1HNMR spectra 
H-3׳׳ is appeared at 7.270ppm and H-6׳׳ at 8.613ppm, this is the substituent effect. Also in 
13CNMR C-2׳׳ and C-5׳׳ appeared at 135.168 and 146.106 respectively. The deviation is due the 
presence of Cl and NO2 groups. 
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4.1.1.9 Ethyl 4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethyl-5-(propionyloxy)-1, 4-
dihydropyridine-3, 5-dicarboxylate: (118) 
Scheme 32
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118  
In this reaction 5-(2, 5-dichlorophenyl) furan-2-carbaldehyde is made to react with 
ethylacetoacetate and ammonium acetate in ethanol as solvent. This reaction furnished (118) in 
90% yield. It was confirmed by IR, 1HNMR, 13CNMR, EIMS and CHN microanalysis. 13CNMR 
spectra showed C-2׳׳ and C-5׳׳ at 132.643 and 131.720ppm respectively. 
4.1.1.10 Diethyl 2, 6-dimethyl-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxylate: (119) 
Scheme 33
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A similar reaction of 5-(3, 4-dichlorophenyl) furan-2-carbaldehyde with 2 moles of 
ethylacetoacetate and ammonium acetate gave corresponding dihydropyridines in about 83.33% 
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yield. It was also confirmed by IR, EIMS, NMR, and CHN microanalysis. The results were as 
expected. All details are given in experimental section. The only deviation of results from other 
compounds of same class is at 3׳׳- and 4׳׳-position. In 13CNMR C-3׳׳ and C-4׳׳ appeared at 
131.28ppm and 132.69ppm respectively. 
4.1.1.11 Diethyl 2, 6-dimethyl-4-(5׳-(3׳׳-nitrophenyl) furan-2-yl)-1, 4-dihydropyridine-3, 5-
dicarboxylate: (120) 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
O
CHO
CH3
O
O
O
H3C
NH4+ CH3
O
-O++ Ethanol
Reflux
NO2
NO2
Scheme 34
120  
In this reaction one mole of 5-(3-nitrophenyl) furan-2-carbaldehyde was made to react with 2 
moles of ethylacetoacetate and ammonium acetate to furnish 120 in 60.91% yield. This 
compound was characterized by its melting point, IR, NMR, EIMS and CHN microanalysis. The 
C=O group of ester was detected in IR spectrum at 1684.46cm-1, in 13CNMR at 167.21ppm, 
which is expected. Also the C-3׳׳ appeared at 146.961ppm. Rest of the spectra was as expected 
and results are given in experimental section in detail. 
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4.1.1.12 Diethyl 4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine-3, 
5-dicarboxylate: (121) 
Scheme 35
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Same is the case with this compound. It was also confirmed through IR, 13CNMR, 1HNMR, 
EIMS and CHN microanalysis. All the results confirmed and favored the synthesis of Diethyl-4-
(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine-3, 5-carboxylate. 
4.1.2 With Ethyl benzoyl acetate: 
4.1.2.1 Synthesis of diethyl 4-(3׳-nitrophenyl)-2, 6-diphenyl-1, 4-dihydropyridine-3, 5-
dicarboxylate: (122) 
Scheme 36
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This reaction was done as model reaction and compared with literature as well. In this reaction 3-
nitro benzaldehyde is made to react with ethyl benzoyl acetate and ammonium acetate to furnish 
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the synthesis of the compound (122). The yield was 64%. The product synthesis was confirmed 
by IR, 13CNMR, 1HNMR, EIMS and CHN microanalysis. The ester groups present at 3- and 5-
position of dihydropyridine are at 13.669ppm, 60.093ppm and 166.492ppm (CH3, CH2 and C=O 
respectively) in 13CNMR. In EIMS the 100% peak is at 376.1(M-C6H4NO2). All the spectral data 
confirmed the product synthesis. Rest of the data is given in experimental section in detail. 
4.1.2.2 Diethyl 4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 4-
dihydropyridine-3, 5-dicarboxylate: (123) 
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Scheme 37 123
 
Here 5-(2, 5-dichlorophenyl) furan-2-carbaldehyde was made to react with ethyl benzoyl acetate 
and ammonium acetate in ethanol as solvent, yield was 44%. It was confirmed through mass 
spectra. In EIMS base peak is at 558.1 which is molecular mass excluding methyl group. Thus 
keeping in view all the data described in experimental section. EIMS confirmed the synthesis of 
compound 123. 
The mass fragmentation pattern may be as follows: (Scheme 38) 
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According to the fragmentation pattern the molecular ion on losing ethyl fragment from the ester 
part showed a peak at 558.1, which on further loss of the ester part gave a peak at 486.0, Which 
also loss chloro substituent at the same time. 
On the other hand, the molecular ion loose a major fragment of weight 218, and peak appeared at 
369.1, which is followed by the loss of an ethyl fragment and peak appeared at 340.1. 
All the compounds of the series in which ethyl benzoyl acetate is used as an active methylene 
followed almost the same mass fragmentation. 
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4.1.2.3 Diethyl 4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 4-
dihydropyridine-3, 5-dicarboxylate: (124) 
Scheme 39
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In this reaction 5-(3, 4-dichlorophenyl) furan-2-carbaldehyde was allowed to react with ethyl 
benzoyl acetate and ammonium acetate. The product was in 37% yield. The dihydropyridine is 
confirmed by EIMS and 13CNMR. In EIMS, the molecular ion peak is at 560.1 which is M-C2H5. 
The 100% peak is same as that of 123. As far as 13CNMR is concerned two carbons which are 
associated with Cl, are appeared at 133.058ppm. The detail of spectral data is given in 
experimental section. 
4.1.2.4 Diethyl 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 4-dihydropyridine-3, 5-
dicarboxylate: (125) 
Scheme 40
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When 5-(4-bromophenyl) furan-2-carbaldehyde was made to react with ethyl benzoyl acetate 
and ammonium acetate, Diethyl 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 4-
dihydropyridine-3, 5-dicarboxylate was synthesized in about 28% yield. The synthesis was 
confirmed and characterized by 13CNMR and 1HNMR (available techniques). In EIMS 
molecular ion peak is at 582.1 and again 100% peak is same as that of (123) and (124). 
4.1.2.5 Diethyl 4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-diphenyl-1, 4-dihydropyridine-3, 5-
dicarboxylate: (126) 
Scheme 41
N
H
O
O
O
H3C O CH3
O
O
CHO
C6H5
O
O
O
H3C
NH4+ CH3
O
-O++ Ethanol
Reflux
NO2
O2N
126  
Another compound of the same class and nucleus is (126). In this reaction 5-(2-nitrophenyl) 
furan-2-carbaldehyde reacted with ethyl benzoyl acetate and ammonium acetate o furnish the 
synthesis of 17 in 60% yield. The synthesis was confirmed by EIMS and 13CNMR. EIMS 
showed the base peak at 564.2 which is the molecular mass of the compound excluding methyl 
group. 13CNMR also confirmed the compound. All the peaks are as expected. Rest of data are 
described in experimental section in detail. 
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4.1.3 With Acetyl acetone 
4.1.3.1 3, 5-diacetyl-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine: 
(127) 
Scheme 42 NH
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127  
A reaction of acetyl acetone (active methylene) with 5-(4-chlorophenyl) furan-2-carbaldehyde 
and ammonium acetate is equated in scheme 42. The product was confirmed through IR, EIMS 
and 13CNMR. IR spectrum showed the C=O peak at 1646.78cm-1 and N-H at 3434.80cm-1. 
13CNMR spectra showed the two methyl carbons of acetyl group at 26.12ppm, 2 carbons which 
are in neighbor of NH of dihydropyridine appeared at 148.36ppm. The EIMS of the compound 
confirmed the molecular mass of the compound. It also confirmed the presence of a chloro 
substituent. Rest of data are given in experimental part in detail.   
The mass fragmentation pattern may be as follows: (Scheme 43) 
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Scheme 43  
The fragmentation pattern mentioned above is observed almost in all the compounds of the series 
in which acetyl acetone was used as active methylene. A brief description of the fragmentation is 
as follows: 
Molecular ion on losing an acetyl group gave a peak at 326.0, and on the other hand after losing 
a major fragment of 177 followed by the loss of acetyl group, peak appeared at 149.0. 
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A loss of a fragment C5H5O gave a peak at 288.5 which is followed by the loss of chloro group, 
peak appeared at 253.0, and on the other hand loss of a methyl followed by the loss of an acethyl 
group gave a peak at 240.0.   
4.1.3.2 3, 5-diacetyl-4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-
dihydropyridine: (128) 
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Another similar reaction between 5-(5-chloro-2-nitrophenyl) furan-2-carbaldehyde, acetyl 
acetone and ammonium acetate resulted into the formation of (128). The product was confirmed 
and characterized through EIMS and 13CNMR. EIMS confirmed its molecular mass which is 
414. The most intense peak is at 371.0 which show the disappearance of the acetyl group. This is 
an evidence for the presence of this group. 13CNMR spectra showed the C=O of acetyl at 
197.720ppm. C-Cl is at 139.427ppm and C-NO2 at 145.143ppm. All the other peaks are as 
expected. Rests of the results have been given in experimental part in detail. 
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4.1.3.3 3, 5-diacetyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-
dihydropyridine: (129) 
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This reaction is between 5-(2-chloro-4-nitrophenyl) furan-2-carbaldehyde, acetyl acetone and 
ammonium acetate, resulted into the formation of (129). The product is confirmed through its 
EIMS. EIMS showed the molecular mass which is 414.1. 100% peak showed the presence of 
acetyl group in the compound. The detail of EIMS is given in experimental section. 
4.1.3.4 3, 5-diacetyl-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-
dihydropyridine: (130) 
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In this reaction acetyl acetone has been used as an active methylene. Thus 5-(2, 5-
dichlorophenyl) furan-2-carbaldehyde was allowed to react with acetyl acetone and ammonium 
291 
 
acetate in the presence of ethanol as solvent. The mixture was refluxed and resulted into the 
formation of (130). The compound was confirmed by EIMS and 1HNMR. EIMS confirmed the 
molecular mass of the compound, 100% peak was very clear and confirms the presence of acetyl 
group in the compound. 1HNMR data also confirmed the product (130) formed. All the data are 
given in the experimental section in detail.  
4.1.3.5 3, 5-diacetyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine: 
(131) 
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Scheme 47
131  
A similar reaction of 5-(4-nitrophenyl) furan-2-carbaldehyde is reacted with acetyl acetone and 
ammonium acetate resulting into the formation of (131) in 39% yield. This compound was 
confirmed through EIMS. EIMS confirmed the molecular mass of the compound which is 380.2. 
The detailed results of the EIMS are given in experimental section.  
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24.1.3.6 3, 5-diacetyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine: 
(132) 
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132  
Another similar reaction is the reaction between 5-(2-nitrophenyl) furan-2-carbaldehyde, acetyl 
acetone and ammonium acetate in 1:2:1 ratio. Yield is 62%. The compound (132) is confirmed 
through EIMS and 13CNMR. EIMS confirmed the molecular mass of the compound. Again the 
100% peak shows the presence of acetyl group in the molecule. As far as 13CNMR is concerned 
it shows the 2C=O at197.003ppm and the C-NO2 is appeared at 145.457ppm. All other peaks in 
13CNMR spectra are as expected, thus confirming the synthesis of this molecule (132). 
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4.1.4 With Acetoacetanilides 
4.1.4.1 2, 6-dimethyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-N3, N5-diphenyl-1, 4-
dihydropyridine-3, 5-dicarboxamide: (133) 
Scheme 49
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When 5-(4-nitrophenyl) furan-2-carbaldehyde is made to react with Acetoacetanilide an active 
methylene and then with ammonium acetate, they gave (133) in 55% yield. The compound was 
characterized and confirmed by 1HNMR and 13CNMR. In 1HNMR both the protons of amide 
linkage appeared at 8.013ppm and the NH proton of dihydropyridine appeared at 9.566ppm. All 
other peaks are as expected. The 13CNMR spectra also show the expected results as the carbonyl 
group of amide appeared at 165.282ppm. Rest of the data has been described in experimental 
section in detail. 
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4.1.4.2 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-2, 6-dimethyl-N3, N5-diphenyl-1, 4-
dihydropyridine-3, 5-dicarboxamide: (134) 
Scheme 50
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In this reaction 5-(4-bromophenyl) furan-2-carbaldehyde is made to react with Acetoacetanilide 
and afterwards with ammonium acetate. The formation of the product was confirmed and 
characterized through EIMS. The EIMS confirmed the molecular mass (567.2). Detail of EIMS 
is given in experimental section. 
The expected mass fragmentation pattern is as follows: (Scheme 51) 
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Scheme 51
 
The mass fragmentation pattern shown in scheme 51 is of compound (134). This fragmentation 
involves the loss of a phenyl and a methyl group at the same time and a peak at 474.0 appeared 
which is followed by again loss of second methyl and phenyl groups and peak appeared at 383.9 
which then lose 2NH and appeared at 353.0. On the other hand the molecular ion lose a major 
fragment of 475.0 which gave a peak at 92.05. Another loss of three fragments at a same time i-e 
methyl, phenyl bromide and an amide gave a peak at 277.1 which is after subsequent loss of 
methyl gave a peak at 262.1. Molecular ion also loses two major fragments one of 447.07 and 
peak appeared at 120.0, and other of 475.06 and peak appeared at 92.05. 
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4.1.5 With N-(4-chlorophenyl)-3-oxobutanamide: 
4.1.5.1 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethyl-
1, 4-dihydropyridine-3, 5-dicarboxamide: (135) 
Scheme 52
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Another different reaction of the series in which 5-(2, 5-dichlorophenyl) furan-2-carbaldehyde is 
made to react with 2moles of N-(4-chlorophenyl)-3-oxobutanamide (an active methylene) and 
ammonium acetate resulted into the formation of (135). The product was confirmed and 
characterized through EIMS. EIMS confirmed the molecular mass and fragmentation confirmed 
the substituents. Detail data are given in experimental section. 
The mass fragmentation pattern is as follows: (Scheme 53) 
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This fragmentation involves the loss of two chloro and two methyl groups at the same time, 
followed by the loss of two amide substituents and a peak appeared at 217.04. 
On the other hand the molecular ion loss three major fragments and three different peaks 
appeared one of 472.5 and peak appeared at 152.4, followed by the loss of oxygen, and also the 
loss of chloro groups afterwards. The other major fragment was of 415 and peak appeared at 
210.9. The 3rd major fragment was of 190 and peak appeared at 435.0, which is followed by 
chloro and methyl group and gave a peak at 384.5, on the other hand it showed a loss of a 
fragment of 126 followed by loss of a chloro group, peak appeared at 273.0. 
Almost all compounds of this series show such type of fragmentation. 
4.1.5.2 N3, N5-bis (4-chlorophenyl)-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-
dihydropyridine-3, 5-dicarboxamide: (136) 
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A similar reaction is between 5-(4-chlorophenyl) furan-2-carbaldehyde, N-(4-chlorophenyl)-3-
oxobutanamide and ammonium acetate. The product is confirmed and characterized through 
EIMS. Detail data are given in experimental part. 
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4.1.5.3 N3, N5-bis (4-chlorophenyl)-2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxamide: (137) 
Scheme 55
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Reaction of 5-(2-nitrophenyl) furan-2-carbaldehyde with two moles of N-(4-chlorophenyl)-3-
oxobutanamide and ammonium acetate resulted into the formation of (137). The product (137) 
was confirmed and characterized through EIMS. EIMS confirmed the molecular mass. The base 
peak is at 644.2(M+2Na). The two sodium atoms are instrumental confirmation. The second 
peak is at 605.2(M+2), which confirms the presence of Chloride substituent to some extent. 
Detail data is written in experimental section. 
4.1.5.4 N3, N5-bis (4-chlorophenyl)-4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2׳-yl)- -2, 6-
dimethyl-1, 4-dihydropyridine-3, 5-dicarboxamide: (138) 
Scheme 56
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A similar reaction of 5-(5-chloro-2-nitrophenyl) furan-2-carbaldehyde with N-(4-chlorophenyl)-
3-oxobutanamide and afterwards with ammonium acetate resulted into the formation of (138). 
Again the product molecule was confirmed via EIMS. The base peak and the fragmentation of 
the compound confirmed the product molecule. 
4.1.5.5 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)- 2, 6-
dimethyl-1, 4-dihydropyridine-3, 5-dicarboxamide: (139) 
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A similar reaction of 5-(2-chloro-5-nitrophenyl) furan-2-carbaldehyde is made to react with the 
same active methylene compound as in the last reaction. The result was the formation of (139). 
The product formed was confirmed and characterized through EIMS. The molecular mass is 636 
which is confirmed by the EIMS spectra. 100% peak of spectra shows the two chloro, one 
methyl and one nitro substituent. The detail is given in the experimental part. 
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4.1.6 With N-(2-chlorophenyl)-3-oxobutanamide: 
4.1.6.1 N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethyl-
1, 4-dihydropyridine-3, 5-dicarboxamide: (140) 
Scheme 58
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A reaction of similar category and similar chemistry is between 5-(2, 4-dichlorophenyl) furan-2-
carbaldehyde, N-(2-chlorophenyl)-3-oxobutanamide and ammonium acetate in the presence of 
ethanol as solvent. The reaction was refluxed, resulted into the formation of (140). The product 
was detected with the help of EIMS. The mass spectra showed its molecular mass and the 100% 
peak confirmed that the amide group is attached with the main nucleus of the molecule. The 
detail is given in experimental part. 
The mass fragmentation pattern of the compound is as follows: (Scheme 59) 
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Scheme 59  
 
The dihydropyridines in which N-(2-chlorophenyl)-3-oxobutanamide is used as an active 
methylene showed the fragmentation mentioned in scheme 59. 
The brief description of the fragmentation is as follows: 
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The molecular ion loose a major fragment of 413.04 and peak appeared at 210.9, on the other 
hand molecular ion lose a fragment of 283 which gave a peak at 342. 
Two amide fragments lose at the same time and peak appeared at 316.04 which is followed by 
the loss of aryl furan and a methyl group which resulted into the formation of a peak at 91.0. 
In the same way the molecular ion lose an amide fragment followed by the loss of one methyl nd 
two chloro groups gave a peak at 382.29. 
4.1.6.2 N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethyl-
1, 4-dihydropyridine-3, 5-dicarboxamide: (141) 
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A similar reaction is 34, in which 5-(2, 3-dichlorophenyl) furan-2-carbaldehyde reacted with 
same active methylene as the last reaction and ammonium acetate to give N3, N5-bis (2-
chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine-3, 
5-dicarboxamide. The product (141) was confirmed through EIMS. Fragmentation pattern is 
same as in last one. Detailed data is given in experimental part. 
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4.1.6.3 N3, N5-bis (2-chlorophenyl)-2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-1, 4-
dihydropyridine-3, 5-dicarboxamide: (142) 
Scheme 61
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Same is the reaction of 5-(2-nitrophenyl) furan-2-carbaldehyde (scheme 61). Data is given in 
experimental part. 
4.1.6.4 N3, N5-bis (2-chlorophenyl)-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl) - 2, 6-
dimethyl-1, 4-dihydropyridine-3, 5-dicarboxamide: (143) 
Scheme 62
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Another similar reaction is mentioned here in scheme 62. Again the product is confirmed 
through EIMS. The detailed results are given in experimental section. 
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4.1.6.5 N3, N5-bis (2-chlorophenyl)-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethyl-
1, 4-dihydropyridine-3, 5-dicarboxamide: (144) 
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A similar reaction of 5-(2, 3-dichlorophenyl) furan-2-carbaldehyde is (144). The product is again 
confirmed through EIMS. The data are given in experimental. 
4.1.7 With Acetophenone and malononitrile: 
4.1.7.1 2-Amino-3-cyano-4, 6-diphenyl-1, 4-dihydropyridine: (145) 
Scheme 64
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This is a different reaction of the series in which instead of the use of two moles of the same 
active methylene compound one mole each of two different active methylene compounds. Those 
two active methylene compounds are Acetophenone and Malonitrile. Benzaldehyde is made to 
react with both the active methylene mentioned above along with ammonium acetate in the 
presence of ethanol, resulting into the formation of (145). The product formed was confirmed 
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through EIMS and 13CNMR. EIMS confirmed its molecular mass. 13CNMR spectra showed the 
carbon of cyano group at 117.173ppm, and all the other peaks were as expected. Rest of the 
results have been written in experimental section in detail. 
The mass fragmentation is as follows: (Scheme 65) 
N
H
CN
NH2C6H5
C18H15N3
m/z: 273.1
-2H C18H13N3
m/z: 271.1
-NH3
-17
C18H12N2
m/z: 256.1
-C3H3N2
-67
C15H12N
m/z: 206.12
-NH
-15
C15H11
m/z: 191.0
-C
12 H
10 N
3
-196
C6H5
m/z: 77
-NH
-15
C18H11N
m/z: 245.1
Scheme 65
 
A very simple method of fragmentation is showed by the compound (145). The molecular ion 
loss a fragment of 67 and peak appeared at 206.12, followed by the loss of an NH and peak 
appeared at 191.0. In the same way an ammonia molecule is lost which is followed by the loss of 
an NH gave a peak at 245.1. 
A major fragment of 196 is lost by the molecular ion and peak appeared at 77.  
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4.1.8 With Acetylacetone and malononitrile: 
4.1.8.1 5-Acetyl-2-Amino-3-cyano-6-methyl-4-phenyl-1, 4-dihydropyridine: (146) 
Scheme 66
CHO
++
+ NC
CN NH4
+
O
-O
Ethanol
Reflux
N
H
NH2H3C
H3COC CNH3C
O
H3C O
146
 
A similar reaction is between banzaldehyde, acetyl acetone, Malonitrile and ammonium acetate. 
Again in this reaction instead of using 2moles of one active methylene compound one mole of 
each of two different active methylene compounds was used. The product was confirmed and 
characterized through EIMS. EIMS confirmed the molecular mass. The base peak is at 237.1, 
which shows the presence of NH2 in the compound. 
The mass fragmentation pattern of the compound is as follows: (Scheme 67) 
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N
H
NH2H3C
H3COC CN
C15H15N3O
m/z: 253.122
-NH2
-16
C15H13N2O
m/z: 237.12
-CN
-26
C14H13NO
m/z: 211.1
-CH3
-15
C14H10N2O
m/z: 222.1
-CO
CH
3
-43
C13H10N2
m/z: 194.1
-C3H6N2,
COCH3,
CN
-139
C9H11
m/z: 119.0
-CH3
-15
C8H8
m/z: 105.0
Scheme 67
 
Another simple fragmentation pattern is mentioned in scheme 67. The molecular ion loose and 
NH2 and peak appeared at 237.1 followed by the loss of a methyl, a cyanide and an acetyl gave 
three different peaks. Loss of a methyl group gave a peak at 222.1, of cyanide at 211.1 and of 
acetyl group at 194.1. On the other hand the molecular ion lose three fragments at a time of 139 
and peak appeared at 119 which is then followed by the loss of methyl group gave a peak at 
105.0. 
 
 
309 
 
Thus reactions of diverse 5-arylfuran-2-carbaldehydes with selected “active methylene” 
compounds were carried out and are presented, together with their analytical data, in Tables 1 
and 2. 
N
H
R3
R2R2
R3
R1
 
Table no. 1 (physical data of 5-aryl-2-furyl-1, 4-dihydropyridines) 
Compd. 
No. 
R1 R2 R3 m.p. 
0C 
Yield 
% 
Final product 
110. NO2
 
-COOEt CH3 157 63 
N
H
NO2
COOEt
CH3H3C
EtOOC
 
111. NO2
O
 
-COOEt CH3 150 95 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
 
112. 
Cl
Cl
O
 
-COOEt CH3 112 43 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
Cl
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113. 
O
Cl
NO2
 
-COOEt CH3 220 59 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
Cl
 
114. 
NO2
O
 
-COOEt CH3 122 50 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
 
115. 
Cl
Cl
 
-COOEt CH3 180 82 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
Cl
 
116. 
NO2
Cl
O
 
-COOEt CH3 135 58 
N
H
O
COOC2H5
CH3H3C
C2H5OOC
NO2
Cl
 
311 
 
117. 
Cl
O2N
O
 
-COOEt CH3 160 25 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
O2N
 
118. 
O
Cl
Cl
 
-COOEt CH3 150 90 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
Cl
 
119. 
O
Cl
Cl
 
-COOEt CH3 145 83 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
Cl
 
120. 
O
NO2
 
-COOEt CH3 178 60 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
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121. 
O
Cl
 
-COOEt CH3 152 24 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
Cl
 
122. NO2
 
-COOEt C6H5 158 64 
N
H
NO2
OH3C O CH3
O O
 
123. 
O
ClCl
 
-COOEt C6H5 140 44 
N
H
O
ClCl
O
O
H3C O CH3
O
 
124. 
O
ClCl
 
-COOEt C6H5 145 37 
N
H
O
ClCl
OH3C
O
O CH3
O
 
125. 
O
Br
 
-COOEt C6H5 134 28 
N
H
O
Br
O
OH3C O CH3
O
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126. 
O
NO2
 
-COOEt C6H5 102 60 
N
H
O
NO2
O
O CH3OH3C
O
 
127. 
O
Cl
 
COCH3 CH3 142 56 
N
H
O
H3C
Cl
CH3
COCH3H3COC
 
128. 
O
NO2Cl
 
COCH3 CH3 152 43 
N
H
O
H3C CH3
COCH3H3COC
NO2Cl
 
129. 
O
Cl
O2N
 
COCH3 CH3 185 30 
N
H
O
H3C CH3
COCH3H3COC
Cl
O2N
 
130. 
O
Cl Cl
 
COCH3 CH3 198 53 
N
H
O
H3C CH3
COCH3H3COC
Cl Cl
 
314 
 
131. 
O
O2N
 
COCH3 CH3 222 39 
N
H
O
H3C CH3
COCH3H3COC
O2N
 
132. 
O
NO2
 
COCH3 CH3 158 62 
N
H
O
H3C CH3
COCH3H3COC
NO2
 
133. 
O
O2N
 
O=C-NH-Ph CH3 210 55 
N
H
H3C
O
O2N
CH3
N
H
N
H
OO
 
134. 
O
Br
 
O=C-NH-Ph CH3 239 38 
N
H
H3C
O
Br
CH3
O
HNO
N
H
 
135. 
O
ClCl
 
O
HN
Cl
 
CH3 256 29 
N
H
H3C
O
Cl
O
HNCl
CH3
O
N
H
Cl
Cl
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136. 
O
Cl
 
O
HN
Cl
 
CH3 205 54 
N
H
H3C
O
O
HNCl
CH3
O
N
H
Cl
Cl
 
137. 
O
NO2
 
O
HN
Cl
 
CH3 190 49 
N
H
H3C
O
O
HNCl
CH3
O
N
H
Cl
NO2
 
138. 
O
NO2Cl
 
O
HN
Cl
 
CH3 225 65 
N
H
H3C
O
O
HNCl
CH3
O
N
H
Cl
NO2Cl
 
139. 
O
Cl
O2N
 
O
HN
Cl
 
CH3 220 62 
N
H
H3C
O
O
HNCl
CH3
O
N
H
Cl
Cl
O2N
 
140. 
O
Cl
Cl
 
O
HN
Cl
 
CH3 80 55 
N
H
H3C
O
O
HN
CH3
O
N
H
Cl
Cl
Cl
Cl
 
141. 
O
Cl
Cl
 
O
HN
Cl
 
CH3 58 29 
N
H
H3C
O
O
HN
CH3
O
N
H
Cl
Cl
Cl
Cl
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142. 
O
NO2
 
O
HN
Cl
 
CH3 75 45 
N
H
H3C
O
O
HN
CH3
O
N
H
NO2
Cl Cl
 
143. 
O
Cl
O2N
 
O
HN
Cl
 
CH3 66 59 
N
H
H3C
O
Cl
O
HN
CH3
O
N
H
O2N
Cl Cl
 
144. 
O
Cl Cl
 
O
HN
Cl
 
CH3 110 56 
N
H
H3C
O
O
HN
CH3
O
N
H
Cl
Cl Cl
Cl
 
145. 
 
CN, H C6H5, 
NH2 
170 75 
N
H
CN
NH2C6H5
 
146. 
 
CN, COCH3 NH2, 
CH3 
180 55 
N
H
NH2H3C
H3COC CN
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Table no. 2. (Spectral and Analytical data of 4-(5-aryl-2-furyl)-1, 4-dihydropyridines) 
Compd. 
No. 
EIMS  
e/m 
1HNMR 
 (ppm) 
13CNMR  
(ppm) 
IR 
 cm-1 
CHN 
analysis 
110. 374.2 8.1(NH), 
1.208(t, 6H, 
2CH3-CH2), 
4.075(q, 2CH3-
CH2) 
14.20(CH3CH2), 
59.95(CH3CH2), 
167.07(C=O) 
1702(C=O), 
3341.2(N-H) 
Cacd:C, 
60.98%, H, 
5.98%, N, 
7.48%. 
Found: C, 
61.73%, H, 
6.53%, N, 
7.50%. 
 
111. 440.2  14.20(CH3CH2), 
59.95(CH3CH2), 
167.07(C=O) 
1714.3(C=O), 
3834.2(N-H) 
 
112. 463.1 1.261(t, 6H, 
2CH3-CH2), 
4.197(q, 4H,  
2CH3-CH2) 
 
14.40(CH3CH2), 
59.93(CH3CH2), 
167.29 (C=O) 
1651.7(C=O), 
3834.2(N-H) 
Cacd:C, 
59.64%, H, 
4.96%, N, 
3.02%. 
Found: C, 
59.71%, H, 
4.88%, N, 
2.84%. 
 
113. 473.9 1.261(t, 6H, 
2CH3-CH2), 
4.197(q, 4H,  
2CH3-CH2) 
 
14.40(CH3CH2), 
59.93(CH3CH2), 
167.29 (C=O) 
1651.7(C=O), 
3834.2(N-H) 
Cacd:C, 
59.64%, H, 
4.96%, N, 
3.02%. 
Found: C, 
59.71%, H, 
4.88%, N, 
2.84%. 
 
114. 440.2 1.288 (t, 6H, 
2CH3-CH2), 
4.181(q, 4H,  
2CH3-CH2) 
 
14.36(CH3CH2), 
59.82(CH3CH2), 
167.21(C=O) 
1648.2(C=O), 
3732.1(N-H) 
Cacd:C, 
62.72%, H, 
5.49%, N, 
6.36%. 
Found: C, 
63.75%, H, 
5.76%, N, 
6.44%. 
 
115. 463.0 1.207 (t, 6H, 
2CH3-CH2), 
14.40(CH3CH2), 
59.95(CH3CH2), 
1652.7(C=O), 
3941.6 (N-H) 
Cacd:C, 
59.49%, H, 
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4.122 (q, 4H,  
2CH3-CH2) 
 
167. 35 (C=O) 4.99%, 
N,3.02%. 
Found: C, 
60.50%, H, 
5.10%, N, 
3.02%. 
116. 474.1 1.267 (t, 6H, 
2CH3-CH2), 
4.179 (q, 4H,  
2CH3-CH2) 
 
14.34(CH3CH2), 
59.83(CH3CH2), 
167. 216 (C=O) 
1651.4(C=O), 
3745.5 (N-H) 
Cacd:C, 
59.49%, 
H,4.99%,N, 
3.02%. 
Found: C, 
58.47%, H, 
5.02%, N, 
2.84%. 
 
117. 474.1 1.323(t, 6H, 
2CH3-CH2), 
4.241(q, 4H,  
2CH3-CH2) 
 
14.111(CH3CH2), 
60.026(CH3CH2), 
167.267(C=O) 
1656.3(C=O), 
3730.0(N-H) 
Cacd:C, 
58.26%, H, 
4.85%, 
N,5.90%. 
Found: C, 
58.04%, H, 
4.70%, N, 
5.46%. 
 
118. 463.0 1.305(t, 6H, 
2CH3-CH2), 
4.231(q, 4H,  
2CH3-CH2) 
 
14.442(CH3CH2), 
60.044(CH3CH2), 
167.381(C=O) 
1648.3(C=O) Cacd:C, 
59.49%, H, 
4.99%, N, 
3.02%. 
Found: C, 
59.71%, H, 
4.88%, N, 
2.84%. 
 
119. 463.0 1.319(t, 6H, 
2CH3-CH2), 
4.234(q, 4H,  
2CH3-CH2) 
 
14.39(CH3CH2), 
59.92(CH3CH2), 
167.29 (C=O) 
1650.9(C=O) Cacd:C, 
59.64%, H, 
4.96%, N, 
3.02%. 
Found: C, 
60.45%, H, 
5.21%, N, 
3.03%. 
 
120. 440.0 1.261(t, 6H, 
2CH3-CH2), 
4.197(q, 4H,  
2CH3-CH2) 
14.40(CH3CH2), 
59.93(CH3CH2), 
167.29 (C=O) 
1684.70(C=O), 
3834.2(N-H) 
Cacd:C, 
62.57%, H, 
5.45%, N, 
6.36%. 
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 Found: C, 
63.49%, H, 
5.68%, N, 
6.48%. 
 
121. 463.0 1.305(t, 6H, 
2CH3-CH2), 
4.231(q, 4H,  
2CH3-CH2) 
 
14.39(CH3CH2), 
59.92(CH3CH2), 
167.29 (C=O) 
1650.9(C=O), 
3654.0(N-H) 
Cacd:C, 
59.64%, H, 
4.96%, N, 
3.02%. 
Found: C, 
60.45%, H, 
5.21%, N, 
3.03%. 
 
122. 499.1(M+1) 0.911(t, 6H, 
2CH3-CH2), 
3.909(q, 4H,  
2CH3-CH2) 
13.669(CH3CH2), 
60.093(CH3CH2), 
166.492(C=O) 
 Cacd:C, 
69.87%, H, 
5.26%, N, 
5.62%. 
Found: C, 
70.74%, H, 
5.40%, N, 
5.70%. 
 
123. 558.1 (M-
C2H5), 
    
124. 560.1(M+2-
C2H5) 
 14.103(CH3CH2), 
61.579(CH3CH2), 
  
125. 582.1(M-CH3) 1.147(t, 6H, 
2CH3-CH2), 
4.184(q, 4H,  
2CH3-CH2) 
14.101(CH3CH2), 
61.509(CH3CH2), 
165.016(C=O) 
  
126. 564.2 (M)  14.094(CH3CH2), 
61.658(CH3CH2), 
164.791(C=O) 
  
127. 371.0(M+2)  20.39(2CH3), 
26.12(2CH3CO) 
1646.78(C=O), 
3434.80(N-H) 
 
128.  
414.0(M) 
 26.141 
(2CH3CO), 
196.720 (2C=O) 
  
129. 416.1(M+2)     
130. 407.1(M+4) 2.29(s, 6H, 
2CH3), 2.40 (s, 
6H, 2CH3) 
   
131. 380.2(M)     
132. 381.2(M+1)  29.927(CH3CO), 
197.003(C=O) 
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133.  8.013(s, 2H, 
2NH-amide), 
9.566(s, 1H, 
NH-
dihydropyridine) 
17.473(2CH3), 
165.282(2C=O, 
amide) 
  
134. 567.2(M)     
135. 627.2(M+2)     
136. 400.0(M-
C7H5ClNO-
Cl) 
    
137. 644.2(M+2Na)     
138. 635.8(M-1)     
139. 638.0(M+2)     
140. 625(M)     
141. 628.6(M+3H)     
142. 
 
415.3(M-
C7H5ClNO-
Cl) 
    
143. 589.4(M-NO2)     
144. 628.2(M+3H)     
145. 273.2(M) 2.290(s, 2H, 
NH2) 
117.173(CN),    
146. 237.1(M-NH3)     
 
Various features of the spectra of the products helped confirm their identity and structures. These 
are discussed in general. The details of these data are to be found for these compounds in these 
tables as well as in the relevant parts in the experimental. 
4.1.9 IR Spectra:  
Characteristic absorption peaks for the functional groups were noted for example C=O ester 
within the range 1646 to 1714 cm-1, NH2 in the range 3311 to 3941cm-1 and aromatic ring in the 
range 2359 to 3353cm-1. 
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4.1.10 1HNMR: 
 Signal and respected couplings for various protons were observed around 0.911 to 1.323 ppm 
for methyls of ester (COOC2H5) as triplet and around 3.909 to 4.241ppm as quartet for 
methylenes of the ester. The protons of methyl groups present at 2(6) position appeared as singlet 
in the range of 2.107 to 2.379ppm and the protons of methyls of acetyl group (COCH3) observed 
as singlet at 2.40ppm. The protons of the phenyl group present at position 2(6) appeared in the 
range of 7.00 to 7.8ppm. 
4.1.11 13CNMR: 
 Characteristic signals for all the carbons and specifically for the C=O in the range 167-168ppm, 
C-NH in the range of 145-148ppm and carbons of methyl group 2(6) position at 14-16ppm. All 
the carbons are in expected range. 
4.1.12 Mass Spectra:  
Characteristic peaks for the molecular ions of all the products were observed. Where halogens 
such as Cl or Br was present the expected isotopic ratios for the M+ and M+2 were duly found. 
Fragmentation pattern of some of the compounds were noted and are presented in Schemes 25, 
38, 43, 51, 53, 59, 65 and 67. 
4.1.13 Mechanism: 
A general scheme can be given to propose the mechanism of formation of various products in the 
above described Hantzch Reactions: (Scheme 68) 
a) Condensation of the aldehyde with the active methylene compound e. g ethyl acetoacetate in a 
Knoevenagal manner to produce (A) 
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O CHO
R
+ H3C
O
O
O
CH3
O
R
A
CH
H3C
O
EtO
O
 
b) Condensation of ammonia with another molecule of the active methylene compound to give a 
Schiff base (B) an enamine: 
NH3 + H3C
O O
O CH3
B
H3C
NH
O
O
CH3
 
c) Addition of B to A in a Michael addition 
O
R
A
CH
H3C
O
EtO
O
+
B
H3C
NH
O
O
CH3
O
R
COOEt
EtOOC
O
CH3NH
H3C
H  
d) Dehydration to give Dihydropyridine (DHP) 
O
R
COOEt
EtOOC
O
CH3NH
H3C
H
-H2O
N
H
COOEt
CH3
EtOOC
H3C
O
R
Scheme 68  
 
323 
 
In the case of Acetophenone and malononitrile : (Scheme 69) 
a) Knoevenagal with acetophenone to give A 
O CHO
R
+
A
H3C C6H5
O
O
C
H
C6H5
OR
 
b) Addition of ammonia to malononitrile to give an adduct B 
NH3+ NC CN NC
NH
NH2B
 
c) Addition of A and B followed by dehydration results into the formation of 
dihydropyridine: 
N
H
CN
NH2C6H5
+ NC
NH
NH2B
O
R
-H2O
A
O
C
H
C6H5
OR
Scheme 69
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4.2 Aromatization of dihydropyridines 
Although dihydropyridines obtained from the Hanztsch reaction, in their own right, have 
intrinsic biological properties such as antihypertensive agents due to their calcium channel 
blocking properties but still their aromatization to pyridines provides excellent synthons. These 
are capable of producing a number of derivatives through their modification and transformation 
of the functionalities. 
Formation of pyridine derivatives by the oxidation of 1, 4-dihydropyridines has been of great 
interest for several years and is still under intensive investigation. Most of the processes that 
have been previously used having at least one of the following drawbacks: harsh reaction 
conditions, expensive or toxic reagents, inconvenient preparation of reagents and tedious workup 
procedures. For the purpose, three different methods have been used that methods which are 
already given in experimental section. 
The general working scheme is in scheme 70: 
N
H
R2
R3R3
R2
Ar
Ar=Aryl Furan, R2=Me, Ph, R3=H, COOEt, COCH3, CONHAr etc
N
Ar
R3
R2R2
R3
Scheme 70
Oxidizing agent
 
Three different methods have been used for the purpose and the pyridines obtained are presented 
as follows: 
 
325 
 
4.2.1 Diethyl 4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6 diphenylpyridine-3, 5-
dicarboxylate: (147) 
N
O
Cl
O CH3
O
OH3C
O
N
H
O
Cl
O CH3
O
OH3C
O
DMSO
Scheme 71 147
 
Compound (147) was prepared via 1st procedure which is through DMSO as oxidizing agent. 
The yield of the product (147) is 44%. The product was confirmed through EIMS, 13CNMR and 
1HNMR. The melting point was 1280C. EIMS confirmed the molecular mass of the compound 
which is 551.2. 13CNMR confirmed the structure as it showed C=O at 165.026ppm, the ethyl 
group of ester showed the signals at 14.104ppm and 61.493ppm (CH3 and CH2 respectively). 
The 1HNMR showed the ester protons at 1.42ppm in the form of a triplet that showed that it is 
Methyl groups of 2-ester substituents, and the methylene protons of the ester appeared at 
4.238ppm in the form of the quartet. The 14 aromatic protons appeared at expected places. The 
detail of the analytical data is given in experimental part. 
The mass fragmentation pattern of the compound (147) is as follows: (Scheme 72) 
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N
O
Cl
O CH3
O
OH3C
O
C33H26ClNO5
m/z: 551.5
-2C2H5
-58
C29H16ClNO5
m/z: 493.5
-C6H5
-Cl
-112
.5/114
C23H11NO5
m/z: 381.0/379.5
-CO
O
C
2 H
5
-73
C30H21ClHNO3
m/z: 478.5
-Cl
-35.5/37
C30H21NO3
m/z: 443.0/441.5
-C2H5
-C6H5
-106
C22H11NO3
m/z: 337.0
-CH
3
,
 2 C
6 H
5
-169
C17H8NO3
m/z: 274.0
-C
27 H
21 ClN
O
-474
.5/476
C6H5
m/z: 77/76.5
-2C
6 H
5
,
 C
6 H
4 Cl
C10H12NO3
m/z: 213.0/211.5
-C4H3O, C2H5O
-112
C4H6NO
m/z: 106.0
Scheme 72
 
This mass fragmentation involves the removal of an ester as the first step followed by the 
removal of a chloro and then a methyl and two phenyl groups at the same time, on the other hand 
after the removal of ester group two phenyl groups and a chloro phenyl group is removed 
followed by the removal of two fragments ethoxy and C4H3O at the same time. In the second 
route of mass fragmentation removal of two ethyl groups occurred at the same time followed by 
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the removal of a chloro and a phenyl group. In the third route of mass fragmentation a major 
fragment of mass 474.5 is removed resulted into the formation of a fragment of mass 77. When 
there is removal of a chloro fragment of mass 35.5 occurred, an isotopic fragment of mass 37 
also removed at the same time. It is mentioned in the scheme 72. This fragmentation pattern is 
being followed by the compounds of same category; where there is any deviation it will be duly 
mentioned. 
4.2.2 Diethyl 4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-diphenylpyridine-3, 5-dicarboxylate: 
(148) 
N
O
O2N
O
O
CH3O
O
H3CN
H
O
O2N
O
O
CH3O
O
H3C DMSO
Scheme 73 148
 
The similar method of oxidation was used in this reaction. Again dimethyl sulfoxide (DMSO) is 
used as oxidizing agent. Product (148) was confirmed with the help of EIMS and 13CNMR. All 
the spectroscopic results favored the product. EIMS confirmed the molecular mass of the 
compound which is 562.2. 13CNMR spectra showed the ester carbons at 14.100ppm, 61.759ppm 
and 164.757ppm CH3, CH2 and C=O respectively. All other data of EIMS and 13CNMR are 
given in experimental section. 
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4.2.3 Diethyl 4-(3׳-nitrophenyl)-2, 6-diphenylpyridine-3, 5-dicarboxylate: (149) 
N
NO2
O
O
H3C O
O
CH3N
H
NO2
O
O
H3C O
O
CH3
DMSO
Scheme 74 149
 
Diethyl 4-(3׳-nitrophenyl)-2, 6-diphenyl dihyropyridine-3, 5-dicarboxylate (110) was being 
oxidized via same procedure of DMSO. The resulting pyridine was confirmed through EIMS, 
13CNMR and 1HNMR spectra. EIMS confirmed the molecular mass. 13CNMR spectra showed 
the ester carbons CH3, CH2 and C=O at 13.04ppm, 61.48ppm and 166.30ppm respectively. The 
1HNMR spectra of the compound showed the six protons of two ester methyl at 0.737ppm, four 
protons of methylene at 3.850ppm. Other protons of the furan and the phenyl group are also at 
their respective positions. Details are given in experimental part. 
4.2.4 Diethyl 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl) pyridine-3, 5-
dicarboxylate: (150) 
N CH3H3C
O
O
H3C O
O
CH3N
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CH3H3C
O
O
H3C O
O
CH3
DMSO
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O
NO2
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Scheme 75 150
 
Here again DMSO was being used as oxidizing agent for the aromatization of the above 
mentioned compound (114). The pyridine was confirmed and characterized through EIMS, 
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1HNMR and 13CNMR. EIMS confirmed the molecular weight of the compound. 1HNMR showed 
the signals of the ester protons at 1.077ppm a triplet of methyl protons and at 4.150ppm a quartet 
of methylene protons. All other peaks of the compound protons are at expected positions and 
discussed in experimental section. The 13CNMR showed the signals of ester carbons at 
13.560ppm, 61.795ppm and 166.984ppm CH3, CH2 and C=O respectively. All other carbons of 
the pyridines are at expected positions. Results are to be found in experimental section in detail. 
4.2.5 4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-diphenylpyridine: (151) 
Scheme 76
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4-(5-(2-chloro-4-nitrophenyl) furan-2-yl)-2, 6-diphenyl dihydropyridine was being oxidized via 
DMSO as oxidizing agent. The resulting pyridine was confirmed and characterized through 
EIMS. EIMS confirmed the molecular mass of the compound which is 452.0.  Fragmentation is 
given in the experimental section in detail. 
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4.2.6 Diethyl 4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-dimethylpyridine-3 5-
dicarboxylate: (152) 
Scheme 77
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The DMSO aromatization was carried out for diethyl-4-(5-(2, 5-dichlorophenyl) furan-2-yl)-2, 6-
dimethyl-1, 4-dihydropyridine-3, 5-dicarboxylate (123) which resulted in the formation of a 
pyridine. The synthesis of this pyridine was confirmed with the help of EIMS and 13CNMR 
spectra. EIMS confirmed the molecular mass of the molecule. The 13CNMR spectra showed the 
ester carbons CH3, CH2 and C=O at 13.62ppm, 61.78ppm and 167.12ppm respectively. All the 
results are given in the experimental section in detail. 
4.2.7 3, 5-diacetyl-4-(5׳-(2׳׳-chloro-5׳׳-nitrophenyl) furan-2׳-yl)-2, 6-dimethylpyridine 
(153) 
N
H
O
H3C CH3
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O
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O O
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DMSO
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Scheme 78
153
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Another similar reaction of oxidation of dihydropyridine into pyridine but with a difference that 
HNO3 was also used along with DMSO and the resulting pyridine was confirmed and 
characterized through its EIMS. 
EIMS confirmed its molecular mass which is 412.0. Fragmentation of the molecule in EIMS 
confirmed the substituents of the molecule. Rest of the fragmentation is given in the 
experimental section in detail.  
The mass fragmentation pattern is represented as follows: (scheme 79) 
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Scheme 79  
This mass fragmentation shows the presence of an isotope of chlorine. The fragmentation 
involves the removal of a chloro group followed by the removal of a nitro group and then two 
acetyl groups simultaneously resulted into the formation of a fragment of molecular mass 245.1. 
On the other hand a major fragment is lost and a small fragment of mass 43.01 is left. Another 
route is also shown in which a fragment of molecular mass 228.0 is lost leaving behind a 
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molecule of mass 184.83. In another route of mass fragmentation two acetyl groups and a methyl 
group is lost followed by the removal of a nitro group. In this way the molecular mass and the 
substituents are confirmed via mass spectra. 
4.2.8 Diphenyl 4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-dimethylpyridine-3, 5-
dicarboxylate: (154) 
N
H
O
NO2Cl
O O
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OO CH3H3C
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Scheme 80 154
 
Again a similar reaction of aromatization is mentioned here, in which DMSO and HNO3 was 
used together for the purpose of aromatization. The oxidized molecule (154) was confirmed via 
EIMS. The mass fragmentation of the molecule is discussed in experimental section in detail. 
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4.2.9 Diethyl 4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-diphenylpyridine-3, 5-
dicarboxylate: (155) 
Scheme 81
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Another reaction of similar category is given above in scheme 81. The product (155) of the 
reaction which is a pyridine was characterized via NMR spectroscopic techniques. 13CNMR 
spectra confirmed all the carbons of the molecule. The ester carbons CH3, CH2 and C=O 
appeared at 14.008ppm, 61.208ppm and 164.196ppm respectively. 
As far as the 1HNMR spectra is concerned the protons of ester appeared at 1.146ppm (CH3) in 
the form of triplet and at 4.191ppm (CH2) as quartet. The aromatic protons were at their 
respective positions. Details of NMR results are given in the experimental section. 
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4.2.10 Diethyl 4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-diphenylpyridine-3, 5-
dicarboxylate: (156) 
Scheme 82
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Another similar reaction of aromatization is mentioned. The product (156) was confirmed 
through EIMS. The mass fragmentation is given in the experimental section and it confirmed not 
only molecular mass of the compound but also confirmed the substituents of the product. 
4.2.11 2, 6-dimethyl-4-(5׳-(3׳׳-nitrophenyl) furan-2׳-yl)-N3, N5-diphenylpyridine-3, 5-
dicarboxamide: (157) 
N
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Scheme 83 157
 
Oxidation reaction of another dihydropyridine resulted into the formation of a pyridine (157). 
The oxidizing agents are again DMSO and HNO3. The resulting pyridine was confirmed and 
characterized through its EIMS, 1HNMR and 13CNMR techniques. EIMS confirmed the 
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molecular mass of the compound which is 532.2. 1HNMR spectra confirmed the number and 
position of protons. 6-protons of 2-methyl groups present at 2- and 6-position of the pyridine 
nucleus appeared as singlet at 2.490ppm, 2-protons of NH of both the amide groups at 8.299ppm 
as singlet. Rest of the protons are aromatic and they appeared at the expected positions. 13CNMR 
spectra showed the two methyl carbons of 2- and 6-position at 17.588ppm. Amide carbonyl 
appeared at 167.157ppm. All other aromatic carbons are at expected positions. All the results 
have given in the experimental section in detail. 
4.2.12 2, 6-dimethyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳׳-yl)-N3, N5-diphenylpyridine-3, 5-
dicarboxamide: (158) 
Scheme 84
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This aromatization reaction was also carried out via DMSO and HNO3 method. The resulting 
pyridine was confirmed and characterized via EIMS, 13CNMR and 1HNMR spectroscopic 
techniques. EIMS confirmed the molecular mass of the compound which is 532.0. The 1HNMR 
spectra showed the protons of amide NH at 9.427ppm as singlet. The singlet of six protons of 
two methyl group at 2- and 6-positions appeared at 2.490ppm. The furan protons and aromatic 
protons appeared at the expected positions and are given in the experimental section. 13CNMR 
spectra showed the carbons of methyl groups at 17.588ppm, C=O of amide appeared at 
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167.157ppm. All the other carbons of the molecular appeared at the expected positions as given 
in experimental section. 
The mass fragmentation pattern of the compound is as follows: (Scheme 85) 
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The mass fragmentation shown by the compound (158) is represented above. The fragmentation 
involves the removal of a methyl and a phenyl group at the same time. On the other hand the 
removal of a major fragment of mass 455.1 occurred leaving behind a fragment of mass 77.03. 
Another fragment of molecular mass 389.1 is lost and a fragment of mass 143.0 is obtained. Also 
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the fragments of mass 440.12 and 225 are lost in two different pathways leaving behind the 
fragments of mass 92.05 and 277.1 respectively. 
4.2.13 N3, N5-diphenylpyridine-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl- 3, 5-
dicarboxamide: (159) 
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Scheme 86 159
 
This aromatization reaction was also done via DMSO and HNO3 method. The product (159) 
obtained was in 34% yield. The product obtained was confirmed and characterized through 
EIMS technique. EIMS confirmed the molecular mass of the compound which is 521.1. The 
100% peak (base peak) depicted the presence of amide linkage. All the fragments are given in 
the experimental part. 
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4.2.14 N3, N5-diphenylpyridine-4--(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
dimethyl- 3, 5-dicarboxamide: (160) 
Scheme 87
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A similar reaction of oxidation is given above in scheme 87. The product (160) synthesized was 
confirmed through EIMS, 1HNMR and 13CNMR techniques. EIMS confirmed the molecular 
mass of the compound; the fragmentation confirmed the major substituents of the compound. 
1HNMR showed the protons of the compound. 6-protons of 2-methyl groups present at 2- and 6-
position of the nucleus appeared at 2.541ppm in the form of the singlet. NH protons of amide 
appeared at 10.599ppm as singlet. All other protons also appeared at their respective positions 
thus confirming the structure of desired compound. 13CNMR spectra of the compound showed 
the 2-carbons of both the methyl groups at 2- and 6-position at 22.10ppm. Carbonylic carbon of 
amide moiety appeared at 165.34ppm. All other carbons are also appeared at their respective 
positions and written in experimental section in detail. 
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4.2.15 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-
dimethylpyridine-3, 5-dicarboxamide: (161) 
Scheme 88
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The third method of aromatization that has been used is mentioned above. The aromatizing agent 
was calcium oxychloride along with ethyl acetate and water. The product was confirmed and 
characterized by EIMS technique. The EIMS of the compound confirmed the molecular mass of 
the compound. Fragmentation confirmed the substituents present in molecule. The data are given 
in the experimental portion. 
4.2.16 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳-chloro-4׳׳-nitro phenyl) furan-2׳-yl)- 2, 6-
dimethylpyridine-3, 5-dicarboxamide: (162) 
Scheme 89
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This is another case of aromatization in which calcium oxychloride is used as an aromatizing 
agent. The product was confirmed and characterized via EIMS and 13CNMR techniques. EIMS 
confirmed the molecular mass of the compound. 13CNMR showed the carbons of the methyl 
groups at 17.432ppm. Carbonylic carbons of the amide group appeared at 166.348ppm. All the 
results are given in experimental section. 
4.2.17 4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-2, 6-dimethyl-N3, N5-diphenylpyridine-3, 5-
dicarboxamide: (163) 
Scheme 90
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Same is the case with the reaction mentioned in scheme 90. In which aromatization occurred 
with the help of calcium oxychloride, ethyl acetate and water. The resulting pyridine confirmed 
via EIMS. EIMS showed the 522.2 molecular mass while the calculated molecular mass of the 
compound was 521.151. Rest of the fragments are given in the experimental section. 
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4.2.18 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-2, 6-dimethyl-N3, N5-diphenylpyridine- 3, 5-
dicarboxamide: (164) 
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Scheme 91
164  
This pyridine is synthesized via the same procedure and was confirmed with the help of EIMS, 
13CNMR and 1HNMR. EIMS showed the molecular mass as 568.1(M+2). This value of 
molecular mass is due to the presence of Bromo substituent. 13CNMR spectroscopic results 
showed the two methyl carbons 20.963ppm, two carbonylic carbons of the amide groups 
appeared at 164.8ppm. All other results have given in experimental section.  
4.2.19 4-(5׳-(4׳׳-bromophenyl) furan-2׳-yl)-N3, N5-bis (4-chlorophenyl)-2, 6-
dimethylpyridine-3, 5-dicarboxamide: (165) 
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Scheme 92  
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This reaction of aromatization has the same reaction conditions as the last reaction. The product 
(165) was confirmed through EIMS. EIMS confirmed the molecular mass of the compound. 
Isotopic peaks confirmed the presence of chloro and bromo groups. The detail of results is given 
in experimental section. 
4.2.20 N3, N5-bis (4-chlorophenyl)-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2-yl)- 2, 6-
dimethylpyridine-3, 5-dicarboxamide: (166) 
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This reaction of aromatization has the same reaction conditions as the last reaction. The product 
pyridine (166) was confirmed through 13CNMR and 1HNMR. 13CNMR showed the carbons of 
methyl groups at 13.14ppm, carbonylic carbons of amide at 166.52ppm. All other carbons 
appeared at respective positions and are given written in experimental part. 1HNMR showed the 
protons of two methyl groups at 2.496ppm as singlet. NH protons of amide appeared at 
10.270ppm as singlet. The detail of results is given in experimental part. 
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4.2.21 N3, N5-bis (2-chlorophenyl)-4-(5׳-(4׳׳-chloro, 2׳׳-nitrophenyl) furan-2׳-yl)-2, 6-
dimethylpyridine-3, 5-dicarboxamide: (167) 
Scheme 94
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Again in this reaction Calcium Oxychloride aromatized the dihydropyridine into pyridine. The 
product (167) was confirmed with the help of EIMS. EIMS showed the molecular mass 637.0. 
Fragmentation confirmed the substituents of the molecule. The results are given in the 
experimental section. 
4.2.22 N3, N5-bis (4-chlorophenyl)-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2`-yl)-2, 6-
dimethylpyridine-3, 5-dicarboxamide: (168) 
Scheme 95
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This reaction is again under calcium oxychloride conditions. The product (168) was confirmed 
through EIMS, 13CNMR and 1HNMR. EIMS confirmed the molecular mass of the compound. 
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1HNMR showed the six protons of two methyl groups at 2- and 6-position at 2.529ppm as 
singlet. Two protons of NH of amide linkage is appeared at 10.676ppm as singlet, and 13CNMR 
spectra showed two carbons of methyl groups at 22.067ppm and carbonylic carbons appeared at 
166.314ppm. All the results are given in experimental section in detail. 
4.2.23 N3, N5-bis (2-chlorophenyl)-4-(5׳-(5׳׳-chloro-2׳׳-nitrophenyl) furan-2׳-yl) - 2, 6-
dimethylpyridine-3, 5-dicarboxamide: (169) 
Scheme 96
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Another aromatization reaction is given here in scheme 96. The product of the reaction was 
pyridine (169) as expected. The product was confirmed by EIMS. EIMS confirmed the 
molecular mass of the compound. Fragmentation of the molecule confirmed the substituents of 
the compound. The details are given in the experimental portion.  
Thus reactions of diverse dihydropyridines with selected oxidizing agents were carried out and 
are presented, together with their analytical data, in Tables 3 and 4. 
N R3
R2R2
R3
R1
 
Table no. 3 (physical data of 5-aryl-2-furyl pyridines) 
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Compd
. No. 
R1 R2 R3 m.p
. 
0C 
Yield 
% 
Final product 
147. 
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O
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Table no. 4. (Spectral and Analytical data of 4-(5-aryl-2-furyl) pyridines) 
Compd. 
No. 
EIMS 1HNMR (ppm) 13CNMR (ppm) 
147. 551.2 1.42(t, CH3, J=10.5Hz), 
4.238(q, CH2, J=10.93Hz) 
14.014(CH3), 61.493(CH2), 
165.026(C=O) 
148. 562.2  14.100(CH3), 61.759(CH2), 
164.757(C=O) 
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149. 496.2 0.737(t, CH3, J=8.4Hz), 
3.850(q, CH2, J=10.9Hz) 
13.04(CH3), 61.48(CH2), 
166.30(C=O) 
150. 438.1 1.077(t, CH3, J=10.1Hz), 
4.150(q, CH2, J=10.20Hz) 
13.560(CH3), 61.759(CH2), 
166.980(C=O) 
151. 452   
152. 464.2 (M+3)  13.62(CH3), 61.78(CH2), 
167.12(C=O) 
153. 414.0 (M+2)   
154. 445.4(M-
COOEt-C6H5) 
  
155. 418.1 (M-
2C6H5-CH3) 
1.146(t, CH3, J=10.10Hz), 
4.191(q, CH2, J=10.15Hz) 
14.008(CH3), 61.208(CH2), 
164.196(C=O) 
156. 326.4(M-
2C6H5-
COOEt-
C2H5O) 
  
157. 532.3 2.490(CH3), 8.299(2NH-
amide) 
17.588(CH3), 167.157(C=O) 
158. 532.0 2.490(CH3), 9.427(2NH-
amide) 
17.588(CH3), 167.157(C=O) 
159. 523.1 (M+2)   
160. 568.1 (M+2) 2.541(CH3), 10.599(2NH-
amide) 
22.10(CH3), 165.34(C=O) 
161. 621(M-2H)   
162. 639.0 (M+5) 2.525(CH3), 9.651(2NH-
amide) 
17.432(CH3), 166.348(C=O) 
163. 522.1(M+1)   
164. 568.1(M+3H) 2.590(CH3), 10.714(2NH-
amide) 
20.963(CH3), 164.8C=O) 
165. 639.02 (M+4)   
166. 629.0(M+6H) 2.496(CH3), 10.270(2NH-
amide) 
14.14(CH3), 166.52(C=O) 
167. 637.1(M+3H)   
168. 630.1(M+7H) 2.529(CH3), 10.767(2NH-
amide) 
22.067(CH3), 166.314(C=O) 
169. 459.4 (M-
3Cl-NO2-
2CH3) 
  
 
As three different methods have been used for the purpose of oxidation, the comparison of the 
three methods is as follows: 
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In the first method DMSO is used both as solvent and as oxidizing agent, the procedure is easy to 
handle but solvent is expensive and yields are not comparatively good n second method HNO3 is 
used along with DMSO, it is a bit better method than previous one, but a problem was there that 
a gel like matter was formed which created problem in the course of reaction. The yields are 
comparatively better than the previous method. In the last method, calcium oxychloride, ethyl 
acetate and water were used. This method proved better than others. As no reflux is required, the 
reactants are easily available and cheaper as well. As far as the yield is concerned this method 
gave comparatively better yields than both the previous ones. 
A general discussion of the analytical data is as follows: 
4.2.24 1HNMR: 
Signal and respected couplings for various protons were observed around 0.7-2.0ppm for methyl 
group of ester appeared as triplets and around 3.5-5.0ppm for methylene of ester group as 
quartets present at 3(5) position of the pyridines. The methyl groups present at 2(6) positions 
appeared as singlet in a narrow range 2.490-2.590ppm. The NH proton of amide linkage in 
pyridines appeared as singlet in the range 8.299-10.767ppm. The other protons of the phenyl 
rings present either at 2(6) position or attached with the amide groups present at 3(5) position of 
the pyridines are in the expected range (7.0-8.0ppm). The protons of aryl furyl part also appeared 
at their proper values. The major indication of aromatization was the absence of H-4, which 
occurred in all compounds consistently. 
4.2.25 13CNMR: 
As far as 13CNMR spectra of the compounds is concerned the methyl carbons of 2(6) position 
appeared at 14.15-22.22ppm , and the methyl, methylene and carbonylic carbons of the ester 
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groups present at 3(5) position appeared around 13.04-14.104ppm, 61.20-61.79ppm and 
164.196-167.12ppm respectively. The carbonylic carbon of the amide group also appeared in the 
same range as that of ester carbonylic carbon. All aromatic carbons were in expected range. 
4.2.26 Mass Spectra:  
Characteristic peaks for the molecular ions of all the products were observed. Where halogens 
such as Cl or Br was present the expected isotopic ratios for the M+ and M+2 were duly found. 
Fragmentation pattern of some of the compounds were noted and are presented in Schemes 72, 
79 and 85. 
4.2.27 Mechanism: 
Various oxidizing agents used for aromatisations of these 1, 4-dihydropyridine proceed through 
the removal of two hydogens from 1 and 4 positions of the pyridine ring. A general mechanism 
as proposed for this hypochlorite oxidation 112 is presented in the scheme below: (Scheme 97) 
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Ar
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R2R2
R3
Ar
N
Ar=Aryl Furan, R2=Me, Ph, R3=H, COOEt, COCH3, CONHAr etc
Scheme 97
 
4.3 Biginelli reaction 
In classical Biginelli reaction urea is used, there being many examples in the literature in this 
regard. The dihydropyrimidinones are biologically very active molecules as has been pointed out 
in the literature survey part of this thesis. 
The general working scheme is as under: 
R1 H
O
R3
O
OR2
O
NH2
NH2
O
N
H
N
O
H
R1
R2OOC
R3
+ + ethanol
HCl
Scheme 98
 
There are many possibilities of variation in the constituents of the reaction. As mentioned earlier 
there is no information about the use of arylfuran-2-carbaldehydes as aldehydes in Biginelli 
reaction so these were selected for the present reactions. A few compounds have been chosen as 
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active methylene reactant. All these reactions in this series were carried out with urea as the third 
component. 
In the following the reactions performed with their results are presented: 
4.3.1 With Ethyl benzoyl acetate: 
4.3.1.1 Ethyl-2-oxo-4, 6-diphenyl-1, 2, 3, 4-tetrahydropyrimidine-5-carboxylate: (170) 
Scheme 99
N
H
NH
O
O
OH3CH2N NH2
O
H3C O
OO
+
+
OHC
Conc.Hcl
Ethanol
170  
The Biginelli reaction between benzaldehyde, ethyl benzoyl acetate and urea (as a model 
reaction) resulted into the formation of the product (170) mentioned above. The synthesized 
molecule was compared as reported in the literature142. 
4.3.2 With Acetyl acetone: 
4.3.2.1 5-Acetyl-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-6-methylpyrimidin-2(1H)-one: 
(171) 
Scheme 100
H2N NH2
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H3C CH3
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ClCl
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The reaction of 5-(2, 4-dichlorophenyl) furan-2-carbaldehyde, acetyl acetone and urea along with 
few drops of conc. HCl in the presence of ethanol as solvent resulted in the formation of product 
(171). This was confirmed through EIMS. EIMS confirmed molecular mass of the compound. 
The fragmentation pattern is represented as follows: (Scheme 101) 
N
H
NH
H3COC
H3C O
O
Cl
Cl
C17H14Cl2N2O3
m/z: 364/366
-CHNO
-44.01
C16H14Cl2NO2
m/z: 322/324
-NH
-15
C16H14Cl2NO2
m/z: 307/309
-CO
CH
3
-43
C14H12Cl2O
m/z: 266.02/264.02
-CH3,
-2Cl
C13H9O
m/z: 188
-C6H3Cl2
-147.9
C8H9O
m/z: 122.02
-CH3
-15
C7H6O
m/z: 107.0
C
15 H
11 Cl2 N
2 O
2
-321
.02
COCH3
m/z: 43.01/40.01
-C11H11Cl2N2O3
-254.0
C6H5
m/z: 77.0
-2Cl
-71
C16H14NO2
m/z: 252
-NH
-15
C16H13O2
m/z: 237.1
-C6H3Cl2
-CH3
-162.9
C9H8O2
m/z: 148.06
Scheme 101
-86
 
The mass fragmentation shows the removal of urea moiety at first step which is then followed by 
the removal of acetyl group and then the methyl and chloro group and the removal of dichloro 
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phenyl group followed by the removal of methyl group on the other hand. In another route of 
fragmentation a major fragment of molecular mass 254.0 leaving behind a phenyl group of 
molecular mass 77.0. Another major fragment of molecular mass 321.02 is lost leaving behind 
an acetyl fragment with a molecular mass of 43.01. Where there is a chlorine fragment is 
removed an isotopic peak also appeared simultaneously as mentioned in the fragmentation 
pattern.  
4.3.2.2 Acetyl-4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl)furan-2׳-yl)-6-methyl-3,4-dihydropyrimidin-
2(1H)-one: (172) 
Scheme 102
H2N NH2
O
H3C CH3
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Conc.Hcl
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N
H
NH
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H3C O
O
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O2N
O
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ClO2N
+ +
172  
Another Biginelli reaction is given here (scheme 102). The product (172) was confirmed through 
its EIMS. EIMS confirmed not only the molecular mass of the compound but also the presence 
of a chloro substituent through the appearance of an isotopic peak at 378.0. The detail of the 
mass fragmentation is given in the experimental portion. 
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4.3.3 With Acetoacetanilide: 
4.3.3.1 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-N-phenyl-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (173) 
N
H
NH
H3C
O
Cl
O
Cl
O CHO
Cl
Cl + + H2N
O
NH2
O
H3C
O
N
H
Conc.HCl
Ethanol
Scheme 103
N
H
O
173
 
This reaction is different from the above reaction in a way that the active methylene used in 
this reaction was Acetoacetanilide. The product synthesized was confirmed via EIMS. EIMS 
confirmed the molecular mass of the compound. The mass fragmentation pattern of the 
compound is represented as under: (Scheme 104) 
N
H
NH
H3C
O
Cl
O
Cl
N
H
O
C22H17Cl2N3O3
m/z: 441/445
-C10H5Cl2O
-210.97
C12H12N3O2
m/z:230.09
-CH2N2O
-CH3
-73
C10H7NO
m/z: 157.09
-C12H12N3O2
-230.09
C10H5Cl2O
m/z:210/214
-Cl
-35
C10H5ClO
m/z:175/173
Scheme 104
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The fragmentation involves the removal of a major fragment of mass 210.97 leaving behind a 
fragment of mass 230.09 followed by the removal of urea moiety along with a methyl group 
resulting in the formation of a fragment of mass 157.09. On the other route of mass 
fragmentation a fragment of mass 230.09 is lost followed by the removal of a chloro group 
leaving behind a fragment of mass 175.47. 
4.3.3.2 4-(5׳-(2׳׳, 3׳׳-Dichlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-N-phenyl-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (174) 
N
H
NH
H3C
O
O
Cl
O CHO
Cl
+ + H2N
O
NH2
O
H3C
O
N
H
Conc.HCl
Ethanol
Scheme 105
Cl
Cl
O
N
H
174  
A similar reaction of 5-(2, 3-dichlorophenyl) furan-2-carbaldehyde with Acetoacetanilide and 
urea was carried out. The product (174) was confirmed via EIMS. EIMS confirmed the 
molecular mass of the compound. The calculated yield of the compound was 47%, which is 
significant. 
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4.3.4 With N-(4-chlorophenyl)-3-oxobutanamide: 
4.3.4.1 N-(4-Chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-1, 2, 
3, 4-tetrahydropyrimidine-5-carboxamide: (175) 
N
H
NH
H3C
O
Cl
Cl
O
O
HNCl
O CHO
Cl
+ + H2N
O
NH2
O
H3C
O
N
H
Conc.HCl
Ethanol
Scheme 106
Cl
Cl
175
 
5-(2, 4-dichlorophenyl) furan-2-carbaldehyde, N-(4-chlorophenyl)-3-oxobutanamide and urea 
was made to react to furnish the dihydropyrimidine (175) in 68% yield (significant). The product 
was confirmed with the help of its melting point, EIMS, 13CNMR, 1HNMR and CHN 
microanalysis. Melting point of the compound is 2420C. EIMS confirmed the molecular mass of 
the compound which is 475.1. As far as 13CNMR spectra values are concerned the methyl carbon 
appeared at 17.12ppm, the C-2(Urea carbonyl) appeared at 152.60ppm. The amide substituent of 
the compound is also confirmed through the 13CNMR spectra. As the amide carbonylic carbon 
appeared at 164.96(as expected), the phenyl carbons of amide are also in expected range.  
1HNMR spectra showed the amide NH proton at 9.766ppm as singlet. 3protons of methyl 
appeared at 2.062ppm as a singlet. Signals for all other protons were as expected. 
The detail of the analytical result of the compound is given in the experimental section. 
Mass fragmentation pattern of the compound is as under: (Scheme 107) 
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4
2
m/z: 479.0
C22H16Cl3N3O3
m/z: 477/483
-C10H5Cl2O, Cl
-CH2N2O, -304.02
C11H12NO
m/z: 174.0/168.0
-CH3
-15
C21H13Cl3N3O3
m/z: 460/466
-Cl
-35.5
C22H16Cl2N3O3
m/z: 440.02
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-
C 12H
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ClN 3
O 2
-
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05
C10H5Cl2O
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4 H
3 O
-Cl
-102.5
C6H4Cl
m/z: 111/109 Scheme 107  
This fragmentation involves the removal of a methyl group leaving behind a cation of mass 460. 
In the same way the molecular ion loose a major fragment of mass 304.02 leaving behind a 
cation of mass 174. In another route of fragmentation the molecular ion loose a fragment of mass 
264 followed by the loss of a fragment of mass 102.5 leaving behind a chloro phenyl cation of 
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mass 111. Another route involves the breaking of an amide group followed by a two way 
fragmentation; one way involves the loss of a methyl group followed by the loss of a chloro 
phenyl and an NH at the same time and a cation of mass 150.5 is obtained. While in the other 
way the molecule involves the loss of an NH followed by the simultaneous loss of two chloro 
and one methyl group thus obtaining a cation of mass 183.08. 
4.3.4.2 N-(4-Chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-1, 2, 
3, 4-tetrahydropyrimidine-5-carboxamide: (176) 
N
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HNCl
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NH2
O
H3C
O
N
H
Conc.HCl
Ethanol
Scheme 108
ClCl
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176  
Another similar reaction of N-(4-chlorophenyl)-3-oxobutanamide with 5-(2, 3-dichlorophenyl)-
furan-2-carbaldehyde and urea under same reaction conditions is given above in scheme 108. 
The product was confirmed through EIMS. Data are given in experimental part in detail. 
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4.3.4.3 N-(4-Chlorophenyl)-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-1, 2, 
3, 4-tetrahydropyrimidine-5-carboxamide: (177) 
N
H
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H3C
O
Cl
O
O
HNCl
O CHO
Cl
+ + H2N
O
NH2
O
H3C
O
N
H
Conc.HCl
Ethanol
Scheme 109
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Another similar reaction is given above. The product (177) was confirmed via its melting point, 
13CNMR and 1HNMR. Melting point of the product molecule was 2450C. 13CNMR spectra 
showed the methyl carbon at 17.09ppm, urea carbonyl was shown at 152.46ppm, and the amide 
carbonyl carbon appeared at 164.92ppm. All other signals were also as expected. 1HNMR 
spectra showed the 3-protons of methyl at 2.067ppm as a singlet. NH proton of amide appeared 
at 9.776ppm as singlet. The detail of the spectroscopic results of the compound (177) is given in 
experimental section. 
4.3.4.4 4-(5׳-(4׳׳-Bromophenyl) furan-2׳-yl)-N-(4-chlorophenyl)-6-methyl-2-oxo-1, 2, 3 4-
tetrahydropyrimidine-5-carboxamide: (178) 
N
H
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N
H
Conc.HCl
Ethanol
Scheme 110
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Another similar reaction is given above in scheme 110. The reaction conditions are same. The 
product of the reaction was confirmed via its EIMS, 13CNMR and 1HNMR techniques. EIMS 
confirmed the molecular mass of the compound. 13CNMR showed methyl carbon at 16.62ppm. 
Amide carbonyl carbon appeared at 164.53ppm, and carbonyl carbon of urea moiety appeared at 
147.15ppm. Other carbons also appeared at expected positions. 1HNMR spectra showed the 3-
protons of methyl at 2.106ppm as a singlet. NH proton of amide linkage appeared at 10.235ppm 
as a singlet. 2-protons of the urea moiety appeared at 6.496ppm as singlet. 
Rest of data is given in experimental section in detail. 
4.3.4.5 4-(5׳-(5׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-yl)-N-(4-chlorophenyl)-6-methyl-2-oxo-1, 
2, 3, 4-tetrahydropyrimidine-5-carboxamide: (179) 
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A similar reaction is given above in scheme 111. All conditions are same as for the last reaction. 
The product (179) was confirmed through EIMS. This dihydropyrimidine was obtained in about 
34% yield. EIMS confirmed the molecular mass of the compound and further fragmentation 
confirmed the substituents present in the compound. 
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4.3.4.6 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-N-(4-chlorophenyl)-6-methyl-2-oxo-1, 
2-dihydropyrimidine-5-carboxamide: (180) 
N
H
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O
O
O
HNCl
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+ + H2N
O
NH2
O
H3C
O
N
H
Conc.HCl
Ethanol
Scheme 112
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180  
Another reaction of same reaction conditions is given here in scheme 112. The compound (180) 
was confirmed via EIMS. EIMS confirmed the molecular mass of the compound which is 486.0. 
The mass fragmentation confirmed the substituents of the compound. The detail of this 
fragmentation is given in experimental section. 
4.3.4.7 N-(4-Chlorophenyl)-4-(5׳-(3׳׳,4׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-1, 2, 3, 
4-tetrahydropyrimidine-5-carboxamide: (181) 
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Same is case here. N-(4-chlorophenyl)-3-oxobutanamide (an active methylene compound) was 
made to react with 5-(3, 4-dichlorophenyl)-furan-2-carbaldehyde and urea to furnish a 
dihydropyrimidine (181). This dihydropyrimidine was confirmed through EIMS. EIMS of the 
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compound confirmed the molecular mass of the compound. The data of EIMS are given in 
experimental section. 
4.3.5 N-(2-chlorophenyl)-3-oxobutanamide: 
4.3.5.1 N-(2-Chlorophenyl)-4-(5׳-(2׳׳,5׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-1, 2, 3, 
4-tetrahydropyrimidine-5-carboxamide: (182) 
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In this reaction N-(2-chlorophenyl)-3-oxobutanamide was used as an active methylene 
compound and 5-(2, 5-dichlorophenyl)-furan-2-carbaldehyde as aldehyde. The 
dihydropyrimidine which was obtained as product (182), confirmed with the help of EIMS. 
EIMS confirmed the molecular mass of the compound. The mass fragmentation pattern of the 
compound is as under: 
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Scheme 115  
The mass fragmentation involves the removal of a chloro group followed by the removal of a 
chloro and a urea moiety leaving a cation of mass 370.04 behind. It also involves the removal of 
only a methyl group leaving a cation of mass 413.04. On the other hand the molecular ion 
involves the removal of a fragment of mass 126.011/127.511 leaving behind the radical of mass 
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349.015/347.515 followed by the removal of fragment of mass 43 and a fragment of mass 
306.015 is obtained.  
4.3.5.2 N-(2-Chlorophenyl)-4-(5׳-(4׳׳-chlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (183) 
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 A similar reaction is mentioned above in scheme 116. All the reaction conditions are same as 
that of the previously described reactions. The tetrahydropyrimidine (183) that was synthesized 
in this reaction was confirmed through EIMS. Data are given in experimental part in detail. 
4.3.5.3 4-(5׳-(4׳׳-Bromophenyl) furan-2׳-yl)-N-(2-chlorophenyl)-6-methyl-2-oxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (184) 
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Again a similar Biginelli reaction is given above in scheme 117. All the conditions are 
same the only difference is in its aldehyde. The product that had been synthesized was 
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confirmed via EIMS. EIMS of the compound confirmed its molecular mass. 
Fragmentation pattern confirmed the substituents of the molecule. Detail of the EIMS 
data are given in the experimental section. 
4.3.5.4 4-(5׳-(5׳׳-Chloro-2׳׳-nitrophenyl)furan-2׳-yl)-N-(2-chlorophenyl)-6-methyl-2-oxo-1, 
2, 3, 4-tetrahydropyrimidine-5-carboxamide: (185) 
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5-(5-chloro-2-nitrophenyl)-furan-2-carbaldehyde was made to react with N-(2-chlorophenyl)-3-
oxobutanamide along with urea. The reaction conditions were the same as that of last reactions. 
The product was confirmed via EIMS. EIMS of the compound confirmed its molecular mass. 
Fragmentation pattern confirmed the substituents of the molecule. Detail of the EIMS data is 
given in experimental. 
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4.3.5.5 4-(5׳-(4׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-yl)-N-(2-chlorophenyl)-6-methyl-2-oxo-1, 
2-dihydropyrimidine-5-carboxamide: (186) 
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Another similar reaction is mentioned above in scheme 119. The product (186) was confirmed 
through EIMS and 1HNMR spectra. EIMS confirmed its molecular mass which is 486.0. As far 
as 1HNMR spectra of the compound is concerned it showed the three methyl protons as singlet at 
2.195ppm, 2NH protons of urea moiety at 6.592ppm as singlet and the NH proton of amide 
linkage at 8.021ppm as singlet. All the other signals were also as expected. Detail of data is 
given in experimental section. 
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Thus Biginelli reactions of diverse 5-arylfuran-2-carbaldehydes with selected “active methylene” 
compounds were carried out and are summarised, together with their analytical data, in Tables 5 
and 6. 
N
H
NH
O
R1
R2
R3
 
Table no.5 (Physical data of 5-aryl-2-furyl-1, 2-dihydropyrimidines) 
Compd.No
. 
R1 R2 R3 m.p
. 
0C 
Yield 
% 
Final product 
170. C6H5 -COOEt C6H5 200 58 
N
H
NH
O
O
OH3C
 
171. 
O
Cl
Cl
 
-COCH3 CH3 150 65 
N
H
NH
H3COC
H3C O
O
Cl
Cl
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172.  
O
Cl
O2N
 
-COCH3 CH3 163 47 
O
N
H
NH
O
H3COC
H3C
Cl
NO2
 
173. 
O
Cl
Cl
 
HN O
 
CH3 255 51 
N
H
NH
C6H5HNOC
H3C
O
Cl
O
Cl
 
174. 
O
Cl
Cl
 
HN O
 
CH3 237 47 
N
H
NH
H3C
O
O
Cl
Cl
N
H
O
 
175. 
O
Cl
Cl
 
HN O
Cl
 
CH3 242 68 
N
H
NH
H3C
O
Cl
Cl
O
O
HNCl
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176. 
O
Cl
Cl
 
HN O
Cl
 
CH3 257 25 
N
H
NH
H3C O
HN
O
Cl
O
Cl
Cl
 
177. 
O
ClCl
 
HN O
Cl
 
CH3 245 39 
N
H
NH
H3C O
HN
O
O
Cl
Cl
Cl
 
178. 
O
Br
 
HN O
Cl
 
CH3 261 54 
N
H
NH
H3C O
HN
O
O
Cl
Br
 
179. 
O
NO2Cl
 
HN O
Cl
 
CH3 222 34 
N
H
NH
H3C O
HN
O
O
Cl
NO2Cl
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180. 
O
Cl
O2N
 
HN O
Cl
 
CH3 210 33 
N
H
NH
H3C O
HN
O
O
Cl
Cl
O2N
 
181. 
O
ClCl
 
HN O
Cl
 
CH3 197 28 
N
H
NH
H3C O
HN
O
O
Cl
ClCl
 
182. 
O
ClCl
 
HN O
Cl
 
CH3 234 57 
N
H
NH
H3C O
HN
O
O
ClCl
Cl
 
183. 
O
Cl
 
HN O
Cl
 
CH3 229 44 
N
H
NH
H3C O
HN
O
OCl
Cl
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184. 
O
Br
 
HN O
Cl
 
CH3 255 27 
N
H
NH
H3C O
HN
O
OCl
Br
 
185. 
O
NO2Cl
 
HN O
Cl
 
CH3 212 57 
N
H
NH
H3C
O
NO2
O
HN
O
Cl
Cl
 
186.  
O
NO2
Cl
 
HN O
Cl
 
CH3 242 63 
N
H
NH
H3C
O
NO2
O
HN
O
Cl
Cl
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Table no. 6. (Spectral and Analytical data of 4-(5-aryl-2-furyl)-1, 2-dihydropyrimidines) 
Compd. 
No. 
EIMS  
e/m 
1HNMR 
 (ppm) 
13CNMR  
(ppm) 
CHN analysis 
170. 322.2 (M+)  131.95(C-N), 
152.07(NHC=O), 
165.09(C=O). 
 
171. 322.2(M-
NHCO) 
   
172. 378.0(M+2)    
173. 230.0 (M-
C10H5Cl2O) 
   
174. 415.1(M-CH3-
NH) 
   
175. 479.0 (M+4) 2.062(s, 3H, 
CH3), 8.901(s, 
1H, NH-amide) 
17.12(CH3), 
164.96(C=O) 
Calcd:C, 55.43%, H, 3.38%, 
N, 8.81%. Found: C, 52.19%, 
H, 3.64%, N, 8.33%. 
176. 483.2 (M+8)    
177.  2.067(s, 3H, 
CH3), 9.776(s, 
NH-amide) 
17.09(CH3), 
164.92(C=O) 
 
178. 489 (M+4) 2.106(s, 3H, 
CH3), 6.496(2H, 
2NH), 10.235(s, 
1H, NHC=O) 
16.62(CH3), 
164.53(C=O) 
 
179. 489.0(M+3)    
180. 488.95(M+2)    
181. 212.1(M-
C7H5ClNO-
2Cl-CHNO) 
   
182. 475 (M)    
183. 242.3(M-
C6H4Cl-Cl-
CH2N2O) 
   
184. 489.0 (M+4)    
185. 490.0(M+4)    
186. 489.9 (M+4) 2.195(s, 3H, 
CH3), 6.529(s, 
2H, 2NH), 
8.021(s, 1H, 
NH) 
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Various features of the spectra of the products helped confirm their identity and structures. These 
are discussed in general. The details of these data are to be found for these compounds in these 
tables as well as in the relevant parts in the experimental. 
4.3.6 1HNMR: 
Signal and respected couplings for various protons were observed around 2.00-2.2ppm for the 
protons of methyl group present at 6-position of the dihydropyrimidine. Singlet of protons of two 
NH group appeared in the range of 8.00-9.00ppm, and the singlet of protons of amide group 
appeared around 6.40ppm-6.50ppm. All the protons of the phenyl groups are at expected 
positions.  
4.3.7 13CNMR: 
Characteristic signals for all the carbons and specifically for the C=O in the range 164.0-
165.0ppm and the methyl carbons appeared in the range of 16.62-17.15ppm. All the carbons of 
the phenyl rings are at expected positions. 
Mass Spectra:  
Characteristic peaks for the molecular ions of all the products were observed. Where halogens 
such as Cl or Br was present the expected isotopic ratios for the M+ and M+2 were duly found. 
Fragmentation pattern of some of the compounds were noted and are presented in Schemes 101, 
104, 107 and 115. 
4.3.8 Mechanism: 
A general scheme can be given to propose the mechanism of formation of various products in the 
above described Biginelli Reactions:  
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4.3.8.1 In case of ethyl benzoylacetate: 
When ethyl benzoylacetate is used as an active methylene the mechanism of the reaction is 
represented as follows: (Scheme 120) 
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4.3.8.2 In case of acetyl acetone: 
When acetyl acetone is used as an active methylene the mechanism is as follows: (Scheme 121) 
H3C
O
CH3
O
H+
H3C
O
CH3
O
H
enolization
H3C
O
CH3
O
H
O
H
O
R
H3C
O
CH3
O
H
OHO
R
HO
CH3
O
H
OHO
R
H3C
O
CH3
O
H
OH2
O
R
-H2O
H3C
O
CH3
O
H
O
R NH2H2N
O
Conjugate addition
H3C
O
CH3
O
H
O
R
HN NH2
O
H+
H3C
O
CH3
O
H
HN
O
H2N O
R
HN NH
O
HO
CH3O
O R
H+
HN NH
O
H2O
CH3O
O R
H
HN NH
O
CH3O
O R
H3C-H2O
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H3C
CH3
CH3
Aldol addition
+H+
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4.3.8.3 In case of Acetoacetanilide: 
When Acetoacetanilide, N-(4-chlorophenyl)-3-oxobutanamide or N-(2-chlorophenyl)-3-
oxobutanamide is used as active methylene the mechanism is as follows: (scheme 122) 
H3C
O
N
H
O H+
H3C
O
N
H
O
H
enolization
H3C
O
N
H
O
H
O
H
O
R
H3C
O
NH
O
H
OHO
R
HO
NH
O
H
OHO
R
H3C
O
N
H
O
H
OH2
O
R
-H2O
H3C
O
N
H
O
H
O
R NH2H2N
O
Conjugate addition
H3C
O
N
H
O
H
O
R
HN NH2
O
H+
H3C
O
N
H
O
H
HN
O
H2N O
RHN NH
O
HO
NHO
O R
H+
HN NH
O
H2O
H
NO
O R
H
HN NH
O
H
NO
O R
H3C
-H2O
Scheme 122
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H3C
CH3
Aldol addition
+H+
 
 
382 
 
4.4 Aromatization of dihydropyrimidines 
The dehydrogenation of multi-functionalized dihydropyrimidinones (DHPMs) and 
dihydropyrimidines has received great attention for its facile access via the Biginelli or Biginelli-
like three-component-coupling reactions. It also provides an efficient access to the corresponding 
pyrimidines, which are found in a wide range of biologically active molecules and shown 
biological properties which have already been discussed in the literature survey. 
During the course of the present thesis project some selected dihydropyridinones obtained from 
the Biginelli reaction were subjected to oxidation by calcium hypochlorite (bleaching powder) 
and the aromatised products verified through their spectra etc. Fragmentation pattern of these 
pyrimidines were also suggested. The individual aromatisation reaction products are discussed in 
the following and in the end a suggested mechanism is given.  
The general Scheme 123 is as follows: 
N
H
NH
O
R2
R1
Ar
Ar=Aryl Furan, R1=Me, Ph, R2=H, COOEt, COCH3, CONHAr etc
N
H
N
Ar
OR1
R2
Scheme 123
Oxidizing agent
 
The method used for the purpose is given in the experimental section; the pyrimidines obtained 
are as follows: 
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4.4.1 5-Acetyl-6-methyl-4-phenylpyrimidin-2(1H)-one: (187) 
 
N
H
N
C6H5
H3COC
H3C ON
H
NH
C6H5
H3COC
H3C O
Scheme 124
CaOCl
EtOAc
187
 
 
5-acetyl-6-methyl-4-phenylpyrimidine-(1H)-one (187) was prepared via the aromatization of its 
respective tetrahydropyrimidine via Calcium oxychloride and ethyl acetate method. The product 
(187) was confirmed via EIMS comparison with the literature as mentioned in the experimental 
sectioni. The fragmentation pattern is as follows: (Scheme 125) 
N
H
N
C6H5
H3COC
H3C O
C13H12N2O2
m/z: 228.09
C13H12N2O2
m/z: 229.09
-COCH3
-43
C11H9N2O
m/z: 186.07
-CH3
-15
C12H9N2O2
m/z: 214.06
-C6H5
-77
C7H7N2O2
m/z: 152.0
-COCH3
-43
C5H5N2O
m/z: 109.0
-C7H7N2O2
-151.05
C6H5
m/z: 77
-C
11 H
9 N
2 O
-185
.07
COCH3
m/z: 43
Scheme 125  
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The mass fragmentation involves the removal of acetyl group and methyl group in two different 
routes. On the other hand the molecular ion loses a phenyl group followed by the removal of an 
acetyl group. In another route the loss of a major fragment of mass 151.05 leaving behind a 
phenyl cation and also another major fragment of mass 185.07 is lost and a small fragment of 
mass 43 is obtained. Almost all the pyrimidines that are synthesized via acetyl acetone as active 
methylene follow this pattern of fragmentation.  
4.4.2 5-Acetyl-6-methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl) pyrimidin-2(1H)-one: (188) 
N
H
NH
H3C O
O
O2N
H3COC
N
H
N
H3C O
O
O2N
H3COC
CaOCl
EtOAc, H2O
Scheme 126 188  
 
This pyrimidine (188) was prepared by the same method. The aromatization was confirmed 
through EIMS. This compound was obtained in 24% yield. EIMS confirmed the molecular mass 
of the compound. 
 
 
 
 
385 
 
4.4.3 5-Acetyl-4-(5׳-(2׳׳-chloro-5׳׳-nitro phenyl) furan-2׳-yl)-6-methylpyrimidin-2(1H)-
one: (189) 
N
H
N
H3C O
O
ClO2N
H3COC
N
H
NH
H3C O
O
ClO2N
H3COC
CaOCl
EtOAc, H2O
Scheme 127 189  
The tetrahydropyrimidine was aromatized and the product (189) was isolated in about 63% yield. 
The product was confirmed through 13CNMR and 1HNMR. 13CNMR of the compound showed 
the methyl carbon at 19.918ppm, methyl carbon of acetyl at 26.027ppm, carbonyl carbon of 
acetyl at 196.930ppm and the carbonyl carbon of urea moiety at 150.982ppm. 1HNMR spectra of 
the compound showed three protons of methyl group at 2.402ppm as a singlet, three protons of 
acetyl group at 2.490 as another singlet and NH-proton at 8.338also as a singlet. All other signals 
were as expected. The detail of rest of the data is given in experimental section. 
4.4.4 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-5, 6-dimethylpyrimidin-2(1H)-one: (190) 
N
H
N
O
H3C
H3C
O
Cl
Cl
N
H
NH
O
H3C
H3C
O
Cl
Cl
CaOCl
EtOAc, H2O
Scheme 128 190
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A similar reaction of aromatization is mentioned above in scheme 128. This product (190) is 
confirmed through EIMS, 1HNMR and 13CNMR. EIMS confirmed the molecular mass of the 
compound. As far as 13CNMR spectra is concerned, it showed the two methyl groups present at 
5- and 6-positions of the molecule at 14.781ppm and 14.886ppm respectively. The carbonyl 
group of the urea moiety appeared at 153.426ppm. All other signals were as expected. 1HNMR 
spectra of the compound showed three protons of methyl present at 6-position at 1.690ppm as a 
singlet and other three protons of the second methyl group present at 5-position appeared at 
1.886ppm as singlet. Single proton of urea moiety appeared at 8.021ppm as a singlet. All other 
signals were as expected. The detail of the rest of result is given in experimental section. The 
mass fragmentation pattern may be suggested as follows: (Scheme 129) 
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N
H
N
O
H3C
H3C
O
Cl
Cl
C16H12Cl2N2O2
m/z: 334.028
C16H12Cl2N2O2
2
m/z: 336.1
-CHNO
-41.99
C15H12Cl2NO
m/z: 292/296
-2CH3
-30
C13H6Cl2NO
m/z: 263/267
-C6H3Cl2, CH3
-159/163
C9H6N2O2
m/z: 175/171
-C6H7NO, CHO
-152.05
C9H6Cl2
m/z: 182/186
-C10H9N2O2
-189.06
C6H3Cl2
m/z: 145/147
-Cl
-35/37
C6H3Cl
m/z: 111.0/109.5
-Cl
-35/37
C6H4
m/z: 76.0/74.5
-C
5 H
7 N
2 O
-111
.05
C11H6Cl2O
m/z: 223.0/225.0
Scheme 129
C16H12Cl2N2O2
m/z: 336.028
C16H12Cl2N2O2
m/z: 338.028
2
4
 
The fragmentation of the compound (190) involves the removal of the CHNO fragment followed 
by the removal of two methyl groups leaving behind a radical of mass 263.0. On the other hand 
the removal of a fragment of mass 189.06 occurred followed by the removal of two chloro 
groups together with their isotopic peaks of chlorine appeared on the spectrum. In the other route 
a fragment of mass 111.05 is lost and a radical of mass 223.0 is obtained. All the compounds 
synthesized by using ethyl methyl ketone as active methylene showed such type of mass 
fragmentation as is represented here in scheme 129.   
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4.4.5 6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2-oxo-N-phenyl-1, 2-
dihydropyrimidine-5-carboxamide: (191) 
N
H
N
H3C
O
O
O2N
N
H
O
N
H
NH
H3C
O
O
O2N
N
H
O CaOCl
EtOAc, H2O
Scheme 130
191
 
Aromatization of another tetrahydropyrimidine into pyrimidine (191) in the presence of calcium 
oxychloride, ethyl acetate and water is mentioned above in scheme 130. The product of the 
reaction was confirmed with the help of 1HNMR and 13CNMR spectra. 1HNMR spectra showed 
the three protons of methyl group at 2.076ppm as a singlet. The NH-proton of the amide 
appeared at 8.860ppm as a singlet. All other protons appeared at expected positions. 13CNMR 
spectra of the compound showed the methyl carbon at 17.15ppm. Carbonyl carbon of the amide 
linkage appeared at 164.97ppm. The detail of the result is given in the experimental section.  
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4.4.6 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-6-methyl-2-oxo-N-phenyl-1, 2-
dihydropyrimidine-5-carboxamide: (192) 
N
H
N
C6H5HNOC
H3C
O
O
O2N
Cl
N
H
NH
C6H5HNOC
H3C
O
O
O2N
Cl
CaOCl
EtOAc, H2O
Scheme 131 192
 
Here again a similar reaction of aromatization with similar conditions is mentioned above in 
scheme 131. The product (192) of the reaction was confirmed via EIMS. EIMS confirmed the 
molecular mass of the compound. The mass fragmentation pattern of the compound is as 
follows: 
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N
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O
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N
H
O
C22H15ClN4O5
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C22H15ClN4O5
2
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-C
6 H
3 ClN
O
2
-O
-171.8/173.3
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m/z: 278.27/276.77
-CH3
-15
C15H9N3O2
m/z: 263.27
-C16H9ClN3O5
-358/360
C6H6N
m/z: 92
-C12H10N3O2
-C6H3ClNO2
-384
C4H3O
m/z:67.01
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-339.98
C6H3Cl
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-
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-
C6H5 -2
98
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-CH3
-15
C5H3N3O2
m/z: 136.27
-CH3
-15
C21H12ClN4O5
m/z: 435/437
-O
-16
C21H12ClN4O4
m/z: 420/422
C6H6N
-92.05
C16H9ClN3O5
m/z: 358/360
-CO
-28
C15H9ClN3O4
m/z: 330/332
-CH3
-15
C14H6ClN3O4
m/z: 315/317
-O
-16
C14H6ClN3O3
m/z: 300/302
-NH
-15
C14H5ClN2O3
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-C
6 H
3 ClN
O
2
-155
C10H6N2O3
m/z: 202
-O
-16
C10H6N2O2
m/z: 186.04
-CH3
-15
C9H3N2O2
m/z: 171.04
Scheme 132
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4.4.7 4-(5׳-(4׳׳-Chlorophenyl) furan-2׳-yl)-6-methyl-2-oxo-N-phenyl-1, 2-
dihydropyrimidine-5-carboxamide: (193) 
N
H
N
H3C
O
Cl
O
O
N
HN
H
NH
H3C
O
Cl
O
O
N
H
CaOCl
EtOAc, H2O
Scheme 133 193  
A similar reaction of aromatization is given above in scheme 133. The aromatized compound 
(193) was confirmed through its melting point, EIMS, 13CNMR and 1HNMR. The melting point 
of the compound was 1960C. EIMS of the compound confirmed the molecular mass. 13CNMR 
spectra of the compound showed the methyl carbon at 26.169ppm and carbonyl carbon of amide 
group appeared at 165.455ppm. All other peaks are as expected. 1HNMR spectra of the 
compound showed three protons of methyl at 2.385ppm as a singlet. NH proton of amide 
appeared at 10.403ppm as another singlet. Rest of the data are given in the experimental section 
in detail. 
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Thus reactions of diverse tetrahydropyrimidinones with this oxidizing agent were carried out and 
are summarized , together with their analytical data, in Tables 7 and 8. 
 
N
H
N
R1
R2
R3 O
 
Table no.7 (Physical data of 5-aryl-2-furyl pyrimidines) 
 
Compd.
No. 
R1 R2 R3 m.p. 
0C 
Yield 
% 
Final product 
187. -C6H5 COCH3 CH3 220 69 
N
H
N
C6H5
H3COC
H3C O
 
188. 
O
O2N
 
COCH3 CH3 157 24 
N
H
N
H3C O
O
O2N
H3COC
 
189. 
O
ClO2N
 
COCH3 CH3 165 63 
N
H
N
H3C O
O
ClO2N
H3COC
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190. 
O
Cl
Cl
 
CH3 CH3 132 46 
N
H
N
O
H3C
H3C
O
Cl
Cl
 
191. 
O
O2N
 
HN O
 
CH3 215 56 
N
H
N
H3C
O
O
O2N
N
H
O
 
192. 
O
O2N
Cl
 
HN O
 
CH3 225 63 
N
H
N
C6H5HNOC
H3C
O
O
O2N
Cl
 
193. 
O
Cl
 
HN O
 
CH3 196 58 
N
H
N
H3C
O
Cl
O
O
N
H
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Table no. 8. (Spectral and Analytical data of 4-(5-aryl-2-furyl) pyrimidines) 
Compd. 
No. 
EIMS 
e/m 
1HNMR 
(ppm) 
13CNMR 
(ppm) 
187. 229.0(M+)   
188. 339.0 (M)   
189. 373.0 (M) 2.402(s, 3H, CH3), 2.490(s, 
3H, CH3CO), 8.338(s, NH, H-
1) 
26.029(CH3C=O), 
196.930(CH3C=O), 
19.910(CH3) 
190. 336.1 (M+2) 1.690(s, 3H, CH3), 1.886(s, 
1H, CH3), 8.021(s, 1H, NH) 
14.781(CH3), 14.886(CH3), 
153.426(NH-C=O) 
191.  2.076(3H, CH3), 8.860(s, 2H, 
2NH) 
17.15(CH3), 164.97(2C, C-
4, C=O amide), 
192. 452.0 (M+2)   
193. 407 (M+2) 2.385(s, 3H, CH3), 10.403(s, 
2H, 2NH) 
26.169(CH3), 165.455(2C, 
C-4, C=O, amide) 
 
Various features of the spectra of the products helped confirm their identity and structures. These 
are discussed in general. The details of these data are to be found for these compounds in these 
tables as well as in the relevant parts in the experimental. 
4.4.8 1HNMR: 
Signals and respective coupling constants for various protons were observed around 8.338-
8.860ppm for NH protons, and for protons of methyl group the signals appeared at 1.690-
2.402ppm. The NH proton of amide group appeared as singlet at 10.403ppm. All other signals 
were as expected. 
4.4.9 13CNMR: 
Characteristic signals for all the carbons and specifically for carbon of methyl group present at 6-
position appeared in the range 14.781-19.910ppm. Methyl carbon of acetyl group appeared at 
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26.029ppm, while the (C=O) of acetyl group appeared at 196.930ppm. (C=O) of amide appeared 
in the range 153.426-165.455ppm. All other signals of the carbons were at expected positions. 
4.4.10 Mass Spectra:  
Characteristic peaks for the molecular ions of all the products were observed. Where halogens 
such as Cl or Br was present the expected isotopic ratios for the M+ and M+2 were duly found. 
Fragmentation pattern of some of the compounds were noted and are presented in Schemes 125, 
129 and 132. 
4.4.11 Mechanism: 
A general scheme is given to propose the mechanism of formation of various products in the 
above described aromatization reactions92.  
CaOCl+2H2O 2HOCl+Ca(OH)2
N
H
NH
OR2
R3
Ar
Cl+
Cl
N
H
NH
OR2
R3
Ar
H+
N
N
R2
R3
Ar
H
Cl
HCl
N
OR2
R3
Ar
N
H
Ar=Aryl Furan, R2=Me, Ph, R3=H, COOEt, COCH3, CONHAr etc
Scheme 134
O
H
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4.5 3, 4-dihydropyrimidin-2(1H)-thiones 
 
 3, 4-dihydropyrimidin-2(1H)-thione (DHPMs) have been reported to possess diverse 
pharmacological activities such as antiviral, antibacterial and antihypertensive activity, as well as 
efficacy as calcium channel modulators and multi drug resistance reversal. The biological 
activity of some alkaloids isolated recently has also been attributed to the 3, 4-dihydropyrimidin-
2(1H)-thiones moiety143. 
During the course of this work, the synthesis of some 3, 4-dihydropyrimidin-2(1H)-thiones was 
also carried out. Their detail is represented as under: 
The general scheme 135 for this synthesis is as follows: 
R1 H
O
R3
O
OR2
O
NH2
NH2
S
N
H
N
S
H
R1
R2OOC
R3
+ + ethanol
HCl
Scheme 135
 
The method used for the purpose is given in the experimental section; the dihydropyrimidine 
thiones thus prepared are as follows: 
4.5.1 With Acetylacetone: 
4.5.1.1 1-(6-methyl-4-phenyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidin-5-yl)ethanone: (194) 
N
H
NH
C6H5
H3COC
H3C S
OHC H3C CH3
OO
H2N NH2
S
++ Conc. HCl
Ethanol
Scheme 136
194
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A model condensation reaction between benzaldehyde, acetyl acetone and thiourea along with a 
few drops of Conc. HCl in ethanol as solvent resulted into the formation of the 
tetrahydropyrimidine as mentioned above in scheme 136. The product (194) was confirmed 
through EIMS and 13CNMR comparison with that of in literature. The mass fragmentation 
pattern of the compound (194) is as follows: 
N
H
NH
C6H5
H3COC
H3C S
C13H14N2OS
m/z: 246
-CH3
-15
C12H11N2OS
m/z: 231
-CHS
-45
C11H10N2O
m/z: 186
-C11H11N2S
-203
COCH3
m/z: 43
-C6H5
-77
C7H9N2OS
m/z: 169
-CHNS
-59
C6H8NO
m/z: 110
-C7H9N2OS
-169
C6H5
m/z: 77
-CO
CH
3
-43
C11H11N2S
m/z: 203
-C6H5
-77
C5H6N2S
m/z: 126
-CH
N
S-59
C10H10N
Scheme 137
 
The fragmentation pattern of the compound (194) is given above. The fragmentation involves the 
removal of a methyl group at the first step followed by the removal of CHS fragment and on the 
other hand the loss of an acetyl fragment occurred followed by the loss of a CHNS and a phenyl 
fragment simultaneously. Another major fragment of C7H9N2OS is lost leaving behind a phenyl 
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cation. In the other route of fragmentation a phenyl fragment is lost followed by the loss of a 
CHNS fragment. 
Almost all the compounds described here that are synthesized via acetyl acetone as an active 
methylene follow this fragmentation pattern. 
4.5.1.2 1-(4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl)furan-2׳-yl)-6-methyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidin-5-yl)ethanone: (195) 
H3C CH3
OO
H2N NH2
S
+
+ Conc. HCl
Ethanol
Scheme 138
N
H
NH
H3C S
O
O2N
Cl
H3COC
195
O
OHC
Cl
NO2
 
Here another reaction of acetyl acetone (active methylene) is mentioned in scheme 138. 
Compound (195) was synthesized which was confirmed through EIMS. EIMS confirmed the 
molecular mass of the compound. The data of mass fragmentation are given in experimental 
section. 
4.5.2 With Ethyl benzoylacetate: 
4.5.2.1 Ethyl 4, 6-diphenyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxylate: (196) 
N
H
NH
C6H5
C2H5OOC
C6H5 SOHC
+ +
O
O O
CH3 H2N NH2
S
Conc. HCl
Ethanol
Scheme 139 196  
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Another similar reaction with a different active methylene was performed. Ethyl benzoyl acetate 
was used as the active methylene compound. The product was confirmed through EIMS. Both 
were compared with literature. The suggested mass fragmentation is as follows: 
N
H
NH
S
O
O
H3C
C19H18N2O2S
m/z: 338.109
-C2H5
-29
C17H13N2O2S
m/z: 309
-CO2
-44
C16H13N2S
m/z: 265
-C6H5
-77
C11H8N2O2S
m/z: 232
-C6H5
-77
C13H13N2O2S
m/z: 261
-CHNS
-59
C12H12NO2
m/z: 202
-C
13 H
13 N
2 O
2 S
-261
C6H5
m/z: 77
Scheme 140
 
The fragmentation of the compound (196) (as shown in scheme 140) involves the removal of an ethyl 
group followed by the removal of a phenyl group leaving behind a radical of mass 232, also the removal 
of a CO group occurred leaving behind a cation of mass 265. Another route was also observed in mass 
fragmentation in which loss of a phenyl group followed by the loss of a CHNS group leaving a radical of 
mass 202. On the other hand a major fragment of mass 261 was lost and a phenyl cation of mass 77 was 
obtained. 
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All the compounds discussed here in which ethyl benzoylacetate was used as the active methylene 
component follow this fragmentation pattern shown in scheme 138. 
4.5.2.2 Phenyl 4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2-yl)-6-ethyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxylate: (197) 
N
H
NH
C6H5 S
O
Cl
O2N
O
O
H3C
O
CHO
Cl
NO2
O
O CH3
O
H2N NH2
S
+
+ Conc. HCl
Ethanol
Scheme 141
197
 
Ethyl benzoylacetate was made to react with 5-(2-chloro-5-nitrophenyl)-furan-2-carbaldehyde 
and thiourea to furnish Phenyl 4-(5׳-(2׳׳-chloro-4׳׳-nitrophenyl) furan-2-yl)-6-ethyl-2-thioxo-1, 2, 
3, 4-tetrahydropyrimidine-5-carboxylate (197). This product was confirmed through EIMS. 
EIMS confirmed the molecular mass of the compound. 
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4.5.3 With Acetophenone: 
4.5.3.1 4-(5׳-(2׳׳-Nitrophenyl) furan-2׳-yl)-6-phenyl-3, 4-dihydropyrimidine-2(1H)-thione: 
(198) 
N
H
NH
C6H5 S
O
NO2
O
OHC
++
CH3
O
H2N NH2
S
O2N
Scheme 142
Conc. HCl
Ethanol
198
 
The novel reaction of 5-(2-nitrophenyl)-furan-2-carbaldehyde with acetophenone (active 
methylene) and thiourea was performed as mentioned in scheme 142. The product (198) was 
confirmed through EIMS. EIMS confirmed the molecular mass of the compound. The 
fragmentation pattern may be as follows: 
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N
H
NH
C6H5 S
O
NO2
-C14H10N3O2S
-300
C6H5
m/z: 77
-NH
-15
C20H15N3O3S
m/z: 377.083
C20H14N2O3S
m/z: 362
-C6H5
-77
C14H9N2O3S
m/z: 275-S
-32
C20H15N3O3
m/z: 345
-CH3N
-29
C19H12N2O3
m/z: 319
-NH
-15
C19H11NO3
m/z: 304
-NO2
-46
C19H11O
m/z: 259
-C10H6NO3
-188
C10H9N2S
m/z: 189
-CH
2 N
2 S-74
C9H7
m/z: 115
-CH2
-14
C8H6
m/z: 101
-C
10 H
9 N
2 S
-189
C10H6NO3
m/z: 188
-NO2
-46
C10H6O
m/z: 142
Scheme 143
 
Compound (198) showed the fragmentation pattern described above in scheme 143. It showed 
the loss of a major fragment of mass 189 followed by the loss of a NO2 group and a peak of 142 
appeared on the spectrum. Also the loss of a fragment of mass 300 occurred leaving behind a 
phenyl cation. On the other hand an NH group removed followed by the removal of a phenyl 
group and a fragment of mass275 was obtained. When thio group removed from the molecule 
followed by the removal of a CH3N, NH and NO2 group thus a fragment of mass 259 was 
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obtained. Another fragment of mass 101 was obtained when a fragment of mass 188 was 
removed followed by the removal of thiourea moiety and CH2 group. 
4.5.3.2 4-(5׳-(4׳׳-Chlorophenyl) furan-2׳-yl)-6-phenyl-3, 4-dihydropyrimidine-2(1H)-thione: 
(199) 
N
H
NH
C6H5 S
O
Cl
O CHO
Cl + +C6H5 CH3
O
H2N NH2
S
EtOH
Conc. HCl
Scheme 144 199
 
This reaction mentioned in scheme 144 is also a Biginelli three component reaction in which 
thiourea is used instead of urea. Acetophenone is acting as an active methylene here. The 
reaction processing was monitored by TLC technique. The product (199) was confirmed through 
EIMS. EIMS confirmed the molecular mass of the compound. The fragmentation of the 
compound confirmed the substituents present in it. The details of mass fragmentation are given 
in experimental section. 
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4.5.4 With Ethyl methyl ketone: 
4.5.4.1 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-5, 6-dimethyl-3, 4-dihydropyrimidine-
2(1H)-thione: (200) 
N
H
NH
H3C S
O
O2N
O CHO
O2N + +CH3
O
H2N NH2
S
EtOH
Conc. HCl
H3C
Cl
Cl
H3C
Scheme 145 200
 
The reaction between 5-(2-chloro-4-nitrophenyl)-furan-2-carbaldehyde, ethyl methyl ketone and 
thiourea is mentioned in scheme 145. The reaction conditions are as per Biginelli reaction. The 
product (200) of the reaction is confirmed through EIMS, 13CNMR, 1HNMR and CHN 
microanalysis. 13CNMR spectra showed the methyl of C-5 at 12.88ppm and that of C-6 at 
14.29ppm. All other signals of carbons were as expected. As far as the 1HNMR spectra of the 
compound is concerned it showed the3-protons of methyl present at 5-position at 1.763ppm as 
singlet, and that of at 6-position at 1.163ppm as singlet. Both the protons of NH appeared at 
2.170ppm as singlet. All other signals of protons including of H-4 were as expected. CHN 
microanalysis confirmed the purity of the compound, as the results were within acceptable range. 
EIMS confirmed the molecular mass of the compound which is 362.9. The mass fragmentation 
pattern may be as under: 
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N
H
NH
H3C S
O
O2N
H3C
Cl
C16H14ClN3O3S
m/z: 363/365
-C10H11N2OS
-207
C6H3ClNO2
m/z: 156/158
-2CH3
-30
C4HClNO2
m/z: 126/128
-CH2N2S
-NO2 -120
C15H12ClO
m/z: 243/245
-C
6 H
3 Cl-110
C9H9O
m/z: 133
-CH3
-15
C8H6O
m/z: 118
-NO2
-Cl
-C4H7
-136
C12H7N2OS
m/z: 228
-NH
-15
C12H6NOS
m/z: 213
-CH3
-15
C15H11ClN3O3S
m/z: 348/350
-CH3
-15
C14H8ClN3O3S
m/z: 333/335
-S
-32
C14H8ClN3O3
m/z: 301/303
-NO2
-46
C14H8ClN2OS
m/z: 287/289
-CH2N2S
-74
C14H9ClNO3
m/z: 277/279
-CH3
-15
C13H6ClNO3
m/z: 261/263
-NO2, Cl, CH2N2S
-155
C14H11O
m/z: 195
Scheme 146  
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Mass fragmentation of compound (200) is described above in scheme 146. This involved the 
breaking of a thiourea moiety and NO2 group giving a fragment of mass 243, followed by the 
removal of a chlorophenyl and a methyl group and a fragment of mass 118 was obtained. In 
another route of fragmentation a major fragment of mass 207 was lost followed by the loss of a 
methyl group leaving behind a fragment of mass 126. In this way various fragmentations of the 
molecule occurred. As the compound bears a chloro substituent, the presence of isotopic peaks 
confirmed its presence. 
4.5.4.2 4-(5׳-(3׳׳, 4׳׳-dichlorophenyl)furan-2׳-yl)-5, 6-dimethyl-3, 4-dihydropyrimidine-
2(1H)-thione: (201) 
N
H
NH
H3C S
O
Cl
Cl +
+CH3
O
H2N NH2
S
EtOH
Conc. HCl
H3CH3C
Scheme 147
Cl
Cl
201
O
CHO
 
Same is the case with the reaction shown in the scheme 147. Only difference is in the aldehyde 
i.e. 5-(3, 4-dichlorophenyl)-furan-2-carbaldehyde was used in this reaction. The product (201) 
was confirmed through EIMS. Detail of the results is given in experimental section. 
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4.5.5 With Acetoacetanilide: 
4.5.5.1 6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-N-phenyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (202) 
N
H
NH
C6H5HNOC
H3C
O
S
O2N
O CHO
O2N +
+ H2N NH2
S
EtOH
Conc. HCl
Scheme 148
O
H3C
O
N
H
202  
Reaction of 5-(4-nitrophenyl)-furan-2-carbaldehyde, acetoacetanilide and thiourea resulted in the 
formation of the product as mentioned above in scheme 148. The product (202) was confirmed 
through EIMS, 1HNMR and 13CNMR. 13CNMR spectra of the compound showed the methyl 
carbon at 16.59ppm. C-2(C=S) appeared at 174.93ppm. Carbonyl carbon of amide linkage 
appeared at 164.52ppm. All other signals were as expected. 1HNMR spectra of the compound 
showed three protons of methyl at 2.112ppm as singlet. Two protons of NH linked to thio group 
appeared as singlet at 2.491ppm. The NH proton of amide linkage appeared at 10.176ppm as 
singlet. All other protons of the compound including the H-4 were at expected positions. Details 
of the results are given in the experimental part. EIMS confirmed the molecular mass of the 
compound. The suggested mass fragmentation pattern is represented as follows: 
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N
H
NH
H3C
O
S
O2N
N
H
O
C22H18N4O4S
m/z: 434.105
-C6H5 -CH3
-92
C15H10N4O4S
m/z: 342
-NH
-C10H6NO3
-218
C5H4N2OS
m/z: 139
-C6H12N2O4S
-342
C6H6N
m/z: 92
-C7H6NO
-120
C15H12N3O3S
m/z: 314
-C6H9NO2
-122
C9H8N2OS
m/z: 192
-C6H4NO2
-CHNS -181
C15H13N2O2
m/z: 253
-C6H4NO2, CH3
-NH -152
C15H10N2O3S
m/z: 282
Scheme 149
 
The mass fragmentation of the compound (202) is given in the scheme 149. The fragmentation 
involves the loss of a phenyl fragment along with a methyl group followed by the loss of a major 
fragment of mass 218, giving a peak of value 139 on the spectrum. On the other hand, a major 
fragment of mass 342 was removed and a mass of 92 was obtained. In another route of 
fragmentation, a fragment of mass 120 was lost followed by the loss of a fragment of mass 122, 
thus leaving behind a radical of mass 192. On the other hand a nitro group, methyl and an NH 
group was lost simultaneously, thus a cation of mass 282 was obtained. Removal of a fragment 
of mass 181 gave a radical of mass 253. All the compounds synthesized via acetoacetanilide as 
an active methylene, as reported in the present work, showed this type of fragmentation. 
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4.5.5.2 6-Methyl-4-(5׳-(3׳׳-nitrophenyl) furan-2׳-yl)-N-phenyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (203) 
N
H
NH
C6H5HNOC
H3C
O
SO CHO
+
+ H2N NH2
S
EtOH
Conc. HCl
Scheme 150
O
H3C
O
N
H
O2N
O2N
203
 
Another reaction with the same conditions is mentioned here in scheme 150. The product (203) 
of the reaction was confirmed via EIMS and CHN microanalysis. EIMS confirmed the molecular 
mass of the compound and CHN microanalysis also supported this confirmation. 
4.5.5.3 4-(5׳-(4׳׳-Chlorophenyl) furan-2׳-yl)-6-methyl-N-phenyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (204) 
N
H
NH
C6H5HNOC
H3C
O
SO CHO
+
+ H2N NH2
S
EtOH
Conc. HCl
Scheme 151
O
H3C
O
N
H
Cl
Cl
204
 
Another similar reaction is mentioned here in scheme 151. All the experimental conditions are 
the same. The product (204) was confirmed through EIMS. EIMS confirmed the molecular mass 
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of the compound and the fragmentation of the molecule confirmed its substituents. The details of 
mass fragmentation are given in the experimental section. 
4.5.6 With Aceto p-chloroacetanilide: 
4.5.6.1 N-(4-chlorophenyl)-4-(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-thioxo-1, 
2, 3, 4-tetrahydropyrimidine-5-carboxamide: (205) 
O CHO
+
+ H2N NH2
S
EtOH
Conc. HCl
Scheme 152
O
H3C
O
N
H
Cl
Cl Cl
N
H
NH
H3C
O
Cl
Cl
S
O
HNCl
205  
Another reaction with similar conditions is presented. 5-(2, 4-dichlorophenyl)-furan-2-
carbaldehyde was made to react with N-(4-chlorophenyl)-3-oxobutanamide and thiourea in the 
presence of Conc. HCl. The product (205) of the reaction was confirmed through EIMS, 
13CNMR and 1HNMR. EIMS confirmed the molecular mass of the compound .13CNMR spectra 
of the compound showed the methyl carbon at 16.597ppm, C=S at 174.964ppm and amide 
carbonyl carbon at 164.565ppm. 
The 1HNMR spectra of the compound showed two protons of two NH at 2.099ppm as a singlet, 
three protons of methyl at 2.490ppm as singlet and NH proton of amide at 10.196ppm as singlet. 
All other signals including that of H-4 were as expected and are given in the experimental part in 
detail. 
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The mass fragmentation pattern is represented as follows: 
N
H
NH
H3C
O
Cl
Cl
S
O
HNCl C22H16Cl3N3O2S
2
m/z: 493
C22H16Cl3N3O2S
m/z: 491.003
C22H16Cl3N3O2S
m/z: 495
4-C
10 H
5 Cl2 O
-211
C12H11ClN3OS
m/z: 280/282
-C6H4Cl
-111
C6H7N3OS
m/z: 169
-C15H11Cl2N2OS
-337
C7H5ClNO
m/z: 154/156
-CHO
-29
C6H4ClN
m/z: 126/128
-S
-32
C22H16Cl3N3O2
m/z: 459/465
-3Cl
,
 CH
3
-CHN
-147
C20H13N2O2
m/z: 313
-C
6 H
5 ClN
-126
C16H11Cl2N2O2S
m/z: 365/369
-CHO
-29
C15H10Cl2N2OS
m/z: 336/340
Scheme 153  
The mass fragmentation of compound (205) is described here in scheme 153. The expected 
isotopic peaks also appeared in the spectrum that confirmed the presence of three chloro groups 
in the molecule. 
Firstly the loss of sulphur occurred followed by the loss of three chloro, one methyl and a CHN 
group leaving a cation of mass 313. One route of fragmentation involved the loss of a fragment 
of mass 126 followed by the loss of a CHO thus a radical of mass 336 was obtained. The 
removal of a major fragment of mass 337 occurred which is followed by the loss of a CHO group 
412 
 
leaving behind a cation of mass 126. On the other hand a cation of mass 169 was obtained, when 
a fragment of mass 211 followed by the fragment of mass 111 was lost. 
4.5.6.2 N-(4-chlorophenyl)-4-(5׳-(2׳׳, 3׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-thioxo-1, 
2-dihydropyrimidine-5-carboxamide: (206) 
O CHO
+
+ H2N NH2
S
EtOH
Conc. HCl
Scheme 154
O
H3C
O
N
H
Cl Cl
N
H
NH
H3C
O
Cl
S
O
HNCl
Cl
Cl
206
 
This Biginelli three component reaction was performed between 5-(2, 3-dichlorophenyl)-furan-2-
carbaldehyde, N-(4-chlorophenyl)-3-oxobutanamide and thiourea. The product (206) of the 
reaction was confirmed through EIMS. EIMS confirmed the molecular mass of the compound. 
The fragmentation pattern confirmed the substituents of the molecule. The details of the 
compound are given in the experimental section. 
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4.5.6.3 N-(4-chlorophenyl)-6-methyl-4-(5׳-(2׳׳-nitrophenyl) furan-2׳-yl)-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (207) 
O CHO
+
+ H2N NH2
S
EtOH
Conc. HCl
Scheme 155
O
H3C
O
N
H
Cl
N
H
NH
H3C
O
NO2
S
O
HNCl
NO2
207  
Another similar reaction is presented in scheme 155. The only difference was of aldehyde. The 
aldehyde used here was 5-(2-nitrophenyl)-furan-2-carbaldehyde. The product (207) of the 
reaction was again confirmed through EIMS. The data are given in the experimental part. 
4.5.6.4 N-(4-chlorophenyl)-4-(5׳-(2׳׳, 5׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-thioxo-1, 
2, 3, 4-tetrahydropyrimidine-5-carboxamide: (208) 
O CHO
+
+ H2N NH2
S
EtOH
Conc. HCl
Scheme 156
O
H3C
O
N
H
Cl Cl
N
H
NH
H3C
O
Cl
S
O
HNClCl
Cl
208
 
Another reaction of similar category is shown above in scheme 156. 5-(2, 5-dichlorophenyl)-
furan-2-carbaldehyde was used along with N-(4-chlorophenyl)-3-oxobutanamide and thiourea. 
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The product (208) was confirmed through EIMS. The fragmentation details are given in the 
experimental section. 
4.5.6.5 4-(5׳-(5׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-yl)-N-(4-chlorophenyl)-6-methyl-2-
thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamide: (209) 
O CHO
+
+ H2N NH2
S
EtOH
Conc. HCl
Scheme 157
O
H3C
O
N
H
NO2 Cl
N
H
NH
H3C
O
NO2
S
O
HNClCl
Cl
209  
A similar reaction of 5-(5-chloro-2-nitrophenyl)-furan-2-carbaldehyde is given above in scheme 
157. The product (209) was confirmed through EIMS. The fragmentation is given in 
experimental section. 
4.5.6.6 N-(4-chlorophenyl)-4-(5׳-(3׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-thioxo-1, 
2, 3, 4-tetrahydropyrimidine-5-carboxamide: (210) 
O CHO
+
+ H2N NH2
S
EtOH
Conc. HCl
Scheme 158
O
H3C
O
N
H
Cl
N
H
NH
H3C
O
S
O
HNCl
Cl
Cl
ClCl
210
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Again a similar reaction is given here in scheme 158. The product (210) of the reaction was 
confirmed through EIMS. The details of the results are given in the experimental section. 
4.5.7 With Aceto o-chloroacetanilide: 
4.5.7.1 N-(2-chlorophenyl)-6-methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxamide: (211) 
O CHO
+
+ H2N NH2
S
EtOH
Conc. HCl
Scheme 159
O
H3C
O
N
H
N
H
NH
H3C
O
S
O
HN
O2N
O2N
Cl
Cl
211
 
5-(4-nitrophenyl)-furan-2-carbaldehyde was made to react with N-(2-chlorophenyl)-3-
oxobutanamide and thiourea. The product (211) was confirmed through EIMS. The 
fragmentation pattern of the compound is represented as follows: (Scheme 160) 
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N
H
NH
H3C S
HN
O
OCl
O2N
-S
-32
C22H17ClN4O4S
m/z: 468/470
C22H17ClN4O4
m/z: 436/438
-NO2-46
C22H17ClN3O2
m/z: 392/394
-C
3 H
7 N
2
-71
C19H10ClNO2
m/z: 321/323
-C6H5ClN
-CH3
-C6H4NO2
-263
C9H5N2O2
m/z: 173
-C6H5ClN
-O
-142
C16H12N3O3S
m/z: 326
-C
10 H
6 N
O
3
-188
C6H6N2O2S
m/z: 138
C16H10ClN3O2S
m/z: 331/333
-C
6 H
4 N
O
2
-CH3
-137
-Cl
-S-67
C16H10N3O2
m/z: 264
-CH2N2
-44
C15H6NO2
m/z: 220
-C7H5ClNO
-NH
-169
C8H4NOS
m/z: 162
-C10H6NO3, Cl
-S, -255C12H11N3O
m/z: 213
-Cl, NO2
-CH3, -96
C21H14N3O2S
m/z: 472
-
C 10H 6
NO 3
-
CH 2
N 2S
-
262
C11H9ClNO
m/z: 206/208
-C12H11ClN3OS
-CHO
-NO2
C9H6
m/z: 113
Scheme 160  
In scheme 160 the mass fragmentation pattern of compound (211) is given. In the first route of 
fragmentation sulphur was lost followed by a simultaneous loss of C6H4NO2, CH3 and a 
C6H5ClN thus leaving a cation of mass 173. In the second route a fragment of mass 137 was lost, 
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followed by the loss of a –Cl and –S at the same time and then a –CH2N2 group, thus leaving 
behind a radical of mass 255, occurred and a radical of mass 213 was  left. On the other hand the 
loss of –Cl, -NO2 and a –CH3 occurred at the same time giving a cation of mass 472. A radical 
of mass 206 obtained when a fragment of mass 262 was lost. On the removal of CHO, NO2 and 
C12H11ClN3OS, a peak of mass 113 appeared on the spectrum. Loss of a fragment of mass 142 
followed by a fragment of mass 188 resulted in the formation of a radical of mass 138. The 
isotopic peaks of Chlorine also appeared in the spectrum thus confirming the presence of chloro 
group in the compound. 
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Thus Biginelli reactions of diverse 5-arylfuran-2-carbaldehydes with selected “active methylene” 
compounds were carried out and are summarized, together with their analytical data, in Tables 9 
and 10. 
N
H
NH
S
R1
R2
R3
 
Table no.9 (Physical data of 5-aryl-2-furyl-1, 2-dihydropyrimidine thiones) 
Compd. 
No. 
R1 R2 R3 m.p. 
0C 
Yield 
% 
Final product 
194. -C6H5 COCH3 CH3 197 70 
N
H
NH
C6H5
H3COC
H3C S
 
195.  
O
Cl
O2N
 
COCH3 CH3 132 56 
N
H
NH
H3C S
O
O2N
Cl
H3COC
 
196. -C6H5 -COOEt -C6H5 155 56 
N
H
NH
C6H5
C2H5OOC
C6H5 S
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197.  
O
Cl
O2N
 
-COOEt -C6H5 212 50 
N
H
NH
C6H5 S
O
Cl
O2N
O
O
H3C
 
198. 
O
NO2
 
H -C6H5 220 56 
N
H
NH
C6H5 S
O
NO2
 
199. 
O
Cl
 
H -C6H5 201 34 
N
H
NH
C6H5 S
O
Cl
 
200.  
O
Cl
O2N
 
CH3 CH3 195 65 
N
H
NH
H3C
H3C
O
Cl
O2N
S
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201.  
O
Cl Cl
 
CH3 CH3 154 80 
N
H
NH
H3C
H3C
O
Cl
S
Cl
 
202.  
O
O2N
 
HN O
 
CH3 240 76 
N
H
NH
C6H5HNOC
H3C
O
S
O2N
 
203.  
O
NO2
 
HN O
 
CH3 190 65 
N
H
NH
C6H5HNOC
H3C
O
S
NO2
 
204. 
O
Cl
 
HN O
 
CH3 241 59 
N
H
NH
C6H5HNOC
H3C
O
Cl
S
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205. 
O
Cl
Cl
 
HN O
Cl
 
CH3 210 41 
N
H
NH
H3C S
HN
O
Cl
O
Cl
Cl
 
206. 
O
Cl
Cl
 
HN O
Cl
 
CH3 189 29 
N
H
NH
H3C S
HN
O
Cl
O
Cl
Cl
 
207. 
O
NO2
 
HN O
Cl
 
CH3 234 55 
N
H
NH
H3C S
HN
O
O
NO2
Cl
 
208. 
O
ClCl
 
HN O
Cl
 
CH3 225 67 
N
H
NH
H3C S
HN
O
O
Cl
Cl
Cl
 
209. 
O
NO2Cl
 
HN O
Cl
 
CH3 177 54 
N
H
NH
H3C S
HN
O
O
Cl
NO2Cl
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210. 
O
ClCl
 
HN O
Cl
 
CH3 209 46 
N
H
NH
H3C S
HN
O
O
Cl
ClCl
 
211. 
O
O2N
 
HN O
Cl
 
CH3 186 58 
N
H
NH
H3C S
HN
O
OCl
O2N
 
 
Table no. 10. (Spectral and Analytical data of 4-(5-aryl-2-furyl)-1, 4-dihydropyridine 
thiones) 
Compd. 
No. 
EIMS  
e/m 
1HNMR 
 (ppm) 
13CNMR  
(ppm) 
CHN analysis 
194. 246.2 (M)  18.20 (CH3), 
144.49(C-N), 
174.06(C=S), 
194.73(C=O). 
 
195.  393 (M+2), 391 
(M) 
   
196. 338.3(M+)    
197.  485(M+2), 
484(M+1), 483(M) 
   
198. 377.1(M+)    
199. 368(M+2), 367(M+)    
200.  365.0(M+2), 
363.9(M) 
1.163(s, 3H, 
CH3, C-6), 
1.763(s, 3H, 
CH3, C-5), 
2.170(s, 2H, 
2NH), 4.887(s, 
12.88(CH3, C-5), 
14.29(CH3, C-6), 
52.57(C-4) 
Calcd:C, 52.82%, 
H, 3.88%, N, 
11.55%. Found: C, 
54.32%, H, 2.61%, 
N, 8.16%. 
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1H, H-4) 
201.  356.1(M+4)    
202.  434.1(M+) 2.112(s, 3H, 
CH3), 2.491(s, 
2H, 2NH), 
3.320(s, CH, H-
4), 10.176(s, NH-
Amide) 
16.59(CH3), 49.02(C-
4), 174.93(C-2, 
NHCSNH),104.10(2C, 
C-5, 3׳), 164.52(C=O, 
amide) 
 
203.  434.0(M+)   Calcd:C, 60.82%, 
H, 4.18%, N, 
12.90%. Found: C, 
60.34%, H, 3.23%, 
N, 12.71%. 
204. 388.1(M-Cl)    
205. 495.9(M+4), 
493.9(M+2),  
492.9(M+), 
491.0(M) 
2.099(s, 2H, 
2NH), 2.490(s, 
3H, CH3), 
5.525(d, 1H, H-4, 
J=3.0Hz), 
10.196(s, 1H, 
NH-amide) 
16.597(CH3), 
174.964(C=S), 
164.565(C=O) 
 
206. 520.2(M+6+Na)    
207. 494.3(M+2+Na)    
208. 586.3(M+4Na+4H), 
494.8(M+4) 
   
209. 504(M+2)    
210. 543.5(M+6+2Na)    
211. 469.2(M+)    
 
Various features of the spectra of the products helped confirm their identity and structures. These 
are discussed in general. The details of these data are to be found for these compounds in these 
tables as well as in the relevant parts in the experimental. 
4.5.8 1HNMR: 
Signal and respected coupling constants for various protons were observed around 1.163-
2.112ppm for protons of methyl present at 6-position of the molecule, signals for methyl group 
present at 5-position appeared at 1.763ppm, the protons of thio urea moiety appeared in range 
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2.170-2.499ppm and proton present at 4-position appeared in the range 3.320-5.525ppm as 
singlet. Single NH proton of amide group appeared in the range 10.176-10.196ppm as singlet. 
All the signals in 1HNMR spectra confirmed the synthesis of respective compounds. 
4.5.9 13CNMR: 
Characteristic signals for all the carbons and specifically for the methyl group present at 6-
postion appeared in the range 14.29-18.20ppm, C=S appeared at 174.06-174.964ppm and the 
C=O carbon appeared in the range 164.52-164.565ppm. 
4.5.10 Mass Spectra:  
Characteristic peaks for the molecular ions of all the products were observed. Where halogens 
such as Cl or Br was present the expected isotopic ratios for the M+ and M+2 were duly found. 
Fragmentation pattern of some of the compounds were noted and are presented in Scheme 137, 
140, 143, 146, 149, 153 and 160. 
4.5.11 Mechanism: 
4.5.11.1 In case of ethyl benzoylacetate: 
When ethyl benzoylacetate is used as an active methylene the mechanism of the reaction is 
represented as follows: (Scheme 161) 
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O
O
O
CH3
H+ O
O
O
CH3
H
enolization
O
O
O
CH3
H
O
H
O
RAldol addition
O
O
O
CH3
H
OHO
R
HO
O
O
CH3
H
OHO
R
+H+
O
O
O
CH3
H
OH2
O
R
-H2O
O
O
O
CH3
H
O
R NH2H2N
S
Conjugate addition
O
O
O
CH3
H
O
R
HN NH2
S
H+
O
O
O
CH3
H
HN
S
H2N O
R
HN NH
S
HO
OO CH3
O R
H+
HN NH
S
H2O
OO CH3
O R
H
HN NH
S
OO CH3
O R
-H2O
Scheme 161
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4.5.11.2 In case of acetyl acetone: 
When acetyl acetone is used as an active methylene the mechanism is as follows: (Scheme 162) 
H3C
O
CH3
O
H+
H3C
O
CH3
O
H
enolization
H3C
O
CH3
O
H
O
H
O
R
H3C
O
CH3
O
H
OHO
R
HO
CH3
O
H
OHO
R
H3C
O
CH3
O
H
OH2
O
R
-H2O
H3C
O
CH3
O
H
O
R NH2H2N
S
Conjugate addition
H3C
O
CH3
O
H
O
R
HN NH2
S
H+
H3C
O
CH3
O
H
HN
S
H2N O
R
HN NH
S
HO
CH3O
O R
H+
HN NH
S
H2O
CH3O
O R
H
HN NH
S
CH3O
O R
H3C-H2O
Scheme 162
H3C
CH3
CH3
Aldol addition
+H+
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4.5.11.3 In case of Acetoacetanilide: 
When Acetoacetanilide, N-(4-chlorophenyl)-3-oxobutanamide or N-(2-chlorophenyl)-3-
oxobutanamide is used as active methylene the mechanism is as follows: (scheme 163) 
H3C
O
N
H
O H+
H3C
O
N
H
O
H
enolization
H3C
O
N
H
O
H
O
H
O
R
H3C
O
NH
O
H
OHO
R
HO
NH
O
H
OHO
R
H3C
O
N
H
O
H
OH2
O
R
-H2O
H3C
O
N
H
O
H
O
R NH2H2N
S
Conjugate addition
H3C
O
N
H
O
H
O
R
HN NH2
S
H+
H3C
O
N
H
O
H
HN
S
H2N O
RHN NH
S
HO
NHO
O R
H+
HN NH
S
H2O
H
NO
O R
H
HN NH
S
H
NO
O R
H3C
-H2O
Scheme 163
H3C
H3C
CH3
Aldol addition
+H+
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4.6 Aromatization of 3, 4-dihydropyrimidin-2(1H)-thiones 
Biginelli reaction is one of the most useful multicomponent cyclo condensation reaction. It is a 
cyclocondensation reaction of a ketoester with an aldehyde and urea/thiourea to yield 3, 4-
dihydropyrimidine 2(1H)-ones/thiones in quantitative amounts. In the present work one pot 
condensation of aromatic aldehydes, ethylacetoacetate and thiourea in the presence of HCl was 
carried out to get corresponding 3, 4- dihydropyrimidine thiones. Treatment of DHP thiones with 
bleaching powder oxidized the molecule to produce the aromatised pyrimidines (scheme 164). 
The procedure is given in the experimental section. 
N
H
NH
S
R2
R1
Ar
Ar=Aryl Furan, R1=Me, Ph, R2=H, COOEt, COCH3, CONHAr etc
N
H
N
Ar
SR1
R2
Scheme 164
Oxidizing agent
 
 The aromatised pyrimidin thiones obtained are as follows: 
4.6.1 4, 6-Diphenylpyrimidine-2(1H)-thione: (212) 
N
H
NH
C6H5
C6H5 S NH
N
C6H5
C6H5 S
CaOCl
EtOAc, H2O
Scheme 165 212  
The aromatization of the compound mentioned above was carried out through the use of CaOCl 
along with ethyl acetate and water. The product (212) was confirmed through EIMS. EIMS 
confirmed the molecular mass of the compound and a tentative fragmentation pattern is as under 
in scheme 166: 
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N
H
N
S
C16H12N2S
m/z: 264
-S
-32
C16H12N2
m/z: 232
-C
10 H
7 N
2 S
-187
C6H5
m/z: 77
-C6H5
-77
C10H7N2S
m/z: 187
-CHNS
-59
C9H6N
m/z: 128
-CHN
-27
C8H7
m/z: 101
Scheme 166
 
Again a tentative fragmentation pattern of the compound (212) is presented above in scheme 
166. It indicates that the removal of sulphur resulted in the formation of a cation of mass 232. 
When a fragment of mass 187 was removed and a phenyl cation produced. On the other hand the 
loss of a phenyl fragment resulted in the formation of a radical of mass 187, followed by the 
(thiourea moiety) and a fragment of mass 101 was obtained. 
4.6.2 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-6-phenylpyrimidine-2(1H)-thione: (213) 
N
H
N
C6H5 S
O
Cl
Cl
N
H
NH
C6H5 S
O
Cl
Cl
CaOCl
EtOAc, H2O
Scheme 167
213
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Another reaction of aromatization through Calcium oxychloride in ethyl acetate and water is 
mentioned above in scheme 167. The product (213) of the reaction was confirmed through 
EIMS. 
The expected mass fragmentation is as represented in scheme 168: 
N
H
N
C6H5 S
O
Cl
Cl
C20H12Cl2N2OS
m/z: 398
C20H12Cl2N2OS
2
m/z: 400
C20H12Cl2N2OS
m/z: 402
4
-C10H7N2S
-2Cl
-257
C10H7O
m/z: 144
-C
14 H
7 Cl2 N
2 OS
-321
C6H5
m/z: 77
-C6H5, Cl
-NH, -127
C14H6ClNOS
m/z: 271/273
-C8H6N2S
-162
C12H8Cl2O
m/z: 238/242
-
CH
2
-
14
C11H6Cl2O
m/z: 224/228
-Cl
-35
C12H8ClO
m/z: 203/205
-Cl
-35
C12H8O
m/z: 168
-CHNS
-59
C19H11Cl2NO
m/z: 339/343
-NH
-15
C19H10Cl2O
m/z: 324/328
Scheme 168  
The mass fragmentation described above in scheme 168 shows that the removal of a CHNS 
followed by the removal of an NH resulted in the formation of a radical of mass 324. On the 
other hand the simultaneous loss of a C6H5, Cl and an NH resulted into the formation of a 
fragment of mass 271. In another route of fragmentation, a fragment of mass 162 was lost and a 
radical of mass 238 was resulted which then fragmented through two routes.  One was the loss of 
a methylene which resulted into the formation of a cation of mass 224 and other was the loss of a 
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chloro group one after the other, resulted in the formation of a radical of mass 168. A major 
fragment of mass 257 was lost and a radical of mass 144 was obtained and a phenyl cation was 
obtained when the loss of a fragment of mass 321 occurred. The presence of isotopic peaks at 
required positions confirmed the presence of chloro group in the molecule. 
4.6.3 1-(6-Methyl-4-(5׳-(4׳׳-nitrophenyl) furan-2׳-yl)-2-thioxo-1, 2-dihydropyrimidin-5-yl) 
ethanone: (214) 
N
H
NH
H3C S
O
O2N
H3COC
CaOCl
EtOAc, H2O
N
H
N
H3C S
O
O2N
H3COC
Scheme 169
214
 
Another dihydropyrimidine was aromatized through the same procedure and the product (214) 
was confirmed through its melting point and EIMS. The fragmentation detail is given in 
experimental section. The expected fragmentation pattern is as follows: (Scheme 170) 
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N
H
N
H3C S
O
O2N
H3COC
C17H13N3O4S
m/z: 355
-CH3
-15
C16H10N3O4S
m/z: 340
-C
6 H
4 N
O
2
-122
C10H6N2O2S
m/z: 218
-S
-NO2
-78
C16H10N2O3
m/z: 262
-C
10 H
6 N
O
3
-188
C6H5N2OS
m/z: 153
-C
7 H
7 N
2 O
S
-167
C10H6NO3
m/z: 188
-C
12 H
8 N
3 O
3 S
-374
C5H7O
m/z: 83
-C2H4
-28
C3H4O
m/z: 56
-CH2
-14
COCH3
m/z: 43
-COCH3
-43
C15H10N3O3S
m/z: 312
-C
10 H
6 N
O
3
-188
C5H5N2S
m/z: 125
-S
-32
C15H10N3O3
m/z: 280
-CH3
-15
C14H7N3O3S
m/z: 297
-
CH
N 2
S
-73
C14H10NO3
m/z: 239
Scheme 170
 
The fragmentation pattern described in scheme 170 is of compound (214). It involves the 
breakage of a methyl group resulted into the formation of a cation of mass 340. Again this 
fragment further underwent a three ways fragmentation: 
One is the removal of a sulphur and a nitro group simultaneously resulted in the formation of 
cation of mass 262. Second was the removal of a fragment of mass 122, resulted into the 
fragment of mass 218. Third was the removal of fragment of mass 188 resulted into the 
formation of a fragment of mass 153 
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Another way of fragmentation of compound (214) was the breakage of fragment of mass 167, 
which resulted in the formation of fragment of mass 188. When a fragment of mass 374 was lost 
a radical of mass 83 was obtained, followed by the removal of a C2H4 and a CH2 group resulted 
into the formation of fragment of mass 43. A fragment of mass 43 was removed and a radical of 
mass 312 was obtained, this fragment again underwent a four way fragmentation. One was the 
removal of a CH3 and a cation of mass 297 was obtained. Second was the removal of fragment of 
mass 73 that resulted in the formation of a radical of mass 239. Third was the removal of a 
sulphur and a fragment of mass 280 resulted. Fourth was the removal of fragment of mass 188 
that resulted in a fragment of mass 125. 
4.6.4 4-(5׳-(2׳׳, 4׳׳-Dichlorophenyl) furan-2׳-yl)-6-methyl-N-phenyl-2-thioxo-1, 2-
dihydropyrimidine-5-carboxamide: (215) 
N
H
N
H3C
O
Cl
S
Cl
N
H
O
N
H
NH
H3C
O
Cl
S
Cl
N
H
O CaOCl
EtOAc, H2O
Scheme 171
215
 
The aromatization of another dihydropyrimidine is given above in scheme 171. The product 
(215) of the reaction was confirmed through its melting point and EIMS. The yield of the 
product was 67%. The mass fragmentation detail is given in experimental section and the 
fragmentation pattern is represented as follows in scheme 172: 
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N
H
N
H3C
O
Cl
S
Cl
N
H
O
C22H15Cl2N3O2S
m/z: 455/459
-C7H6NO
-CH3 -135
C14H6Cl2N2O2S
m/z: 320/324-C12H10N2OS
-Cl, -279
C10H6ClO
m/z: 176/178
-C
12 H
7 Cl2 N
2 O
S
-296
C10H8NO
m/z: 159
Scheme 172
 
As given in scheme 172 the mass fragmentation of the compound (215) involves the breakage of 
an amide and a methyl group simultaneously resulted into the formation of a cation of mass 320. 
On the other hand a major fragment of mass 279 was lost by the fission of the arylfuran fragment 
at C-4 and a radical of mass 176 was obtained. Another way of fragmentation involves the loss 
of another major fragment of mass 296 leaving behind a cation of mass 159. 
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4.6.5 4-(5׳-(2׳׳-Chloro-4׳׳-nitrophenyl) furan-2׳-yl)-6-methyl-N-phenyl-2-thioxo-1, 2-
dihydropyrimidine-5-carboxamide: (216) 
N
H
N
H3C
O
O2N
S
Cl
N
H
O
N
H
NH
H3C
O
O2N
S
Cl
N
H
O CaOCl
EtOAc, H2O
Scheme 173
216
 
Another reaction in the same category is mentioned here in scheme 173. The product (216) was 
confirmed through EIMS. Details of result are given in the experimental section. 
4.6.6 N-(2-chlorophenyl)-6-methyl-4-(5׳-(4׳׳-nitrophenyl)furan-2׳-yl)-2-thioxo-1, 2-
dihydropyrimidine-5-carboxamide : (217) 
N
H
N
H3C
O
O2N
S
N
H
O
N
H
NH
H3C
O
O2N
S
N
H
O CaOCl
EtOAc, H2O
Scheme 174
Cl
Cl
217
 
Another oxidation reaction is mentioned in scheme 174. The product (217) was confirmed 
through EIMS. EIMS confirmed the molecular mass of the compound (217). The mass 
fragmentation pattern is represented as follows: (Scheme 175) 
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N
H
N
H3C S
HN
O
OCl
O2N
-S
-32
C22H15ClN4O4S
m/z: 466/468
C22H15ClN4O4
m/z: 434/436
-NO2
-46
C22H15ClN3O2
m/z: 388/390
-C6H5
-Cl
-NH
-127
C16H9N2O2
m/z: 261
-NO2
-46
C21H12N3O2S
m/z: 416
-Cl
-50
C21H12N4O4S
m/z: 416
-CH3
-C10H6NO3
-188
C11H7N3OS
m/z: 228
-C6H5ClN
-CH3
-141
C16H10N3O4S
m/z: 325
-C6H5ClN
-C6H4NO2
-248
C10H6N2O2S
m/z: 218
-CH3
-15
C9H4N2O2S
m/z: 203
Scheme 175  
The fragmentation pattern of compound (217) involves the removal of sulphur followed by the 
removal of nitro group and removal of –C6H5, -Cl and –NH afterwards which left a radical of 
mass 261 behind. In another way removal of a chloro and a methyl group followed by the 
removal of a nitro group took place and a cation of mass 370 was obtained. 
Removal of a major fragment of mass 248 followed by the removal of –NH resulted into the 
formation of a radical of mass 203. On the other hand, removal of a fragment of mass 141 (a 
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chloroanilino fragment) resulted in the formation of cation of mass 325. Appearance of isotopic 
peaks confirmed the presence of chloro group in the molecule. It is interesting to mention that at 
one stage of fragmentation C-4 substituent i.e. the nitrophenylfuran group breaks away which is 
also observed in other compounds produced during the present work. 
To sum up reactions of diverse tetrahydropyrimidine thiones with oxidizing agent were carried 
out and are summarized, together with their analytical data, in Tables 11 and 12. 
N
H
N
R1
R2
R3 S
 
Table no.11 (Physical data of 5-aryl-2-furyl pyrimidine thiones) 
Compd. 
No. 
R1 R2 R3 m.p. 
0C 
Yield 
% 
Final product 
212. -C6H5 H -C6H5 268 62 
N
H
N
C6H5
C6H5S
 
213. 
O
Cl
Cl
 
H -C6H5 150 59 
N
H
N
C6H5 S
O
Cl
Cl
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214. 
O
O2N
 
-COCH3 CH3 202 42 
N
H
N
H3C S
O
O2N
H3COC
 
215. 
O
Cl
Cl
 
NH
O
 
CH3 235 67 
N
H
N
H3C
O
Cl
S
Cl
N
H
O
 
216. 
O
O2N
Cl
 
NH
O
 
CH3 157 69 
N
H
N
C6H5HNOC
H3C
O
S
O2N
Cl
 
217. 
O
O2N
 
NH
O
Cl
 
CH3 127 62 
N
H
N
H3C S
HN
O
OCl
O2N
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Table no. 12. (Spectral and Analytical data of 4-(5-aryl-2-furyl) pyrimidine thiones) 
Compound no. EIMS 
212. 264.1 (M+), 231.1 (M-HS), 189.1(M-C6H5), 130.1 (M-C6H5-CH2NS), 
104.1 (M-C6H5-CH2NS-CHN), 77.0(M-C10H7N2S) 
213. 400.9 (M+2), 398.9 (M+), 340.0(M-CHNS), 324.9 (M-CHN2S), 276.0 (M-
C6H5-Cl-NH), (10.6) (M-C8H6N2S), 224.9 (M-C9H7N2S), 202.0 (M-
C8H6N2S-Cl), 172.9  (M-C8H6N2S-2Cl), 144.9 (M-C10H7N2S-2Cl), 77.0 
(M-C14H7Cl2N2OS) 
214. 356.0(M+), 338.1 (M-CH3), 310.1 (M-COCH3), 299.1 (M-CH3-COCH3), 
280.1 (M-COCH3-HS), 264.1(M-NO2-CH3-S), 242.1(M-COCH3-CHN2S), 
218.1(M-C6H4NO2-COCH3), 189.1(M-C7H7N2OS), 150.0 (M-C10H6NO3-
CH3), 125.0 (M-C10H6NO3-COCH3), 82.9 (M-C12H8N3O3), 57.1 (M-
C14H11N3O3S), 44.0 (M-C15H10N3O3S) 
215. 319 (M-C7H6NO-CH3), 179.1 (M-C12H10N3OS-Cl), 157.1 (M-
C12H7Cl2N2OS) 
216. 468.0 (M+2), 466.8 (M), 427.8 (M-C2H6N), 400.9 (M-Cl-HS), 375.9 (M-
C6H6N), 358.9 (M-C6H6N-O), 342.9 (M-NO2-C6H5), 323.9 (M-C6H6N-
NO2), 293.9 (M-C7H6NO-CNS), 283.9 (M-C6H6N- NO2-Cl-CH3), 254.9 
(M-C7H6NO-NO2-Cl-CH3), 241.9 (M-C7H6NO-NO2-Cl-CH3-NH), 216.9 
(M-C10H5ClNO3-NH-CH3) 
217. 468.2 (M+2), 466.0(M), 435.1 (M-S), 415.3 (M-Cl-CH3), 391.4 (M-NO2-
S), 372.3(M-Cl-NO2-CH3), 326.4(M-C6H5ClN-OH), 269.2 (M-C6H4NO2-
Cl-NH-S), 229.2 (M-C10H6NO3-Cl-CH3), 217.2 (M- C6H4NO2-C6H5ClN), 
209.2 (M-C6H4NO2-C7H5ClNO-CHNS) 
 
Various features of the spectra of the products helped confirm their identity and structures. These 
are discussed in general. The details of these data are to be found for these compounds in these 
tables as well as in the relevant parts in the experimental. 
4.6.7 Mass Spectra:  
Characteristic peaks for the molecular ions of all the products were observed. Where halogens 
such as Cl or Br was present the expected isotopic ratios for the M+ and M+2 were duly found. 
Fragmentation pattern of some of the compounds were noted and are presented in scheme 166, 
168, 170, 172 and 175. 
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4.6.8 Mechanism92: 
A general scheme can be given to propose the mechanism of formation of various products in the 
above described aromatization reactions: 
CaOCl+2H2O 2HOCl+Ca(OH)2
N
H
NH
SR2
R3
Ar
Cl+
Cl
N
H
NH
SR2
R3
Ar
H+
N
N
R2
R3
Ar
H
Cl
HCl
N
SR2
R3
Ar
N
H
Ar=Aryl Furan, R2=Me, Ph, R3=H, COOEt, COCH3, CONHAr etc
Scheme 176
S
H
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4.7 Amino Acids Catalyzed Biginelli Reaction: 
The general working scheme is as follows: 
O
H
H3C
O
O
O
CH3 + H2N NH2
X
Amino acid
N
H
NH
XH3C
O
O
H3C
(218)- X=O
(219)- X=S
Scheme 177
 
The classical Biginelli reaction is usually conducted in ethanol with an acid catalyst such as 
hydrochloric acid. A variety of catalysts, solvents and variable reaction conditions have been 
periodically recorded in the literature. Although for the present thesis work mostly the reactions 
were carried out under acid catalysis but some attempts were made to test other catalysts. For 
this purpose amino acids were chosen due to their dual character to act as an acid or a base.In the 
present work, the reactions were conducted in ethanol solvent in the presence of catalytic 
amounts of different amino acids. The effect of amino acid, its quantity, time and temperature of 
the reactions were also studied to compare these parameters' influence on the yields of the 
product (218). Equivalent amounts of the three components were used with a little excess of 
urea/ thiourea. Glycine was used for all the experiments.  
Amount of catalyst: Initially 10 mmol of glycine was used for the 40 mmol quantities of the 
reactants and (218) were obtained in 74 % yield. Diminishing the quantities of glycine showed 
that a very small amount (0.01 mmol) was sufficient for a comparable yield without 
compromising the purity of the product. The results are given in Table-13 
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4.7.1 Reaction time and temperature: 
 The trial reactions were conducted both at room temperature (30 ºC) and at reflux in ethanol (80 
ºC) (Table-4). It was observed that 4 h refluxing gave better yield (90 %) while without heating 
(mere stirring at the room temperature for 12 h) presented the product in 74 % yield. In both the 
cases (reflux or room temperature) prolonged periods of reaction were detrimental to the yields 
and the purity of the product. The products obtained were darker in color perhaps due to some 
decomposition. The results of Tables 11-14 are evidently indicative of the usefulness of amino 
acids as alternatives in Biginelli reaction. The yields and the purity of the compounds from these 
reactions, the small quantity of the catalyst required for the reaction and the non-toxicity of the 
amino acids make it the catalyst of choice. 
TABLE-13 
Amino acid catalyzed synthesis of 5-ethoxycarbonyl-6-methyl-4-phenyl-3, 4-
dihydropyrimidine-2-one (218, X=O) 
 
Amino acid Yield (%) m.p. (0C) 
Glycine 87 196 
Hippuric acid 68 196 
Glutamic acid 74 195 
L. leucine 68 194 
Tryptophan 83 196 
Histidine  83 196 
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TABLE-14 
Amino acid catalyzed synthesis of 5-ethoxycarbonyl-6-methyl-4-phenyl-3, 4-
dihydropyrimidine-2-thione (219, X=S) 
Amino acid Yield (%) m.p. (0C) 
Glycine 74 196 
Hippuric acid 71 196 
Glutamic acid 81 195 
L. leucine 77 195 
Tryptophan 72 196 
Histidine  69 196 
 
TABLE-15 
Yield of DHPM (218) versus the amount of catalyst (Glycine 
Amount of glycine (mmol) Yield (%) m.p. (0C) 
10 74 196 
1 79 194 
0.1 87 198 
0.01 71 194 
 
 
 
TABLE-16 
Effect of temperature and time on yield of DHMP (218) (Glycine catalyst 
Entry  Temp. (0C) Time (h) Yield (%) m.p. (0C) 
1. RT 3 55 192 
2. - 6 60 196 
3. - 9 69 195 
4. - 12 74 196 
5. - 24 66 196 
6. 80 2 84 194 
7. - 4 90 196 
8. - 6 81 195 
9. - 8 70 196 
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4.7.2 Mechanism83: 
A tentatively proposed mechanism of the reaction is as follows: (Scheme 178) 
 
H
O
Acid H
O
H
H2N NH2
X
Acid
-H2O
NH
H
XH2N
H3C
O
O
O
H3C
Acid
NH
H2N
O
O
H3C O
H3C
Acid
-H2ON
H
NH
XH3C
O
OH3C
Scheme 178  
 
The scope of these catalysts is wide and a lot of work could be carried out to test the efficiency 
of these individual amino acids. However the ready availability, less harmful to the reactants and 
products and competitive prices would make these catalysts the most popular ones in future. 
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4.8 Comparison of experimental and calculated NMR chemical Shifts 
For the determination of structure of synthesized compounds NMR techniques (both 1H and 
13CNMR) are very helpful. Chemistry software such as ChemOffice and ChemDraw can be used 
not only for the structure drawing but also for the prediction of NMR values. ChemOffice has 
been used for the purpose. So this portion covers the comparison of calculated and 
experimentally determined NMR values. 
4.8.1 Comparison of 1H-NMR spectral data of Diethyl 2, 6-dimethyl-4-(5׳-arylfuran-2׳-yl)-1, 
4 dihydropyridine -3, 5-dicarboxylate: (110-121) 
N
H
O
CH3H3C
O
O
H3C O
O
CH3
R
26
345
1''
2'
3'
4' 5'
2''
3'' 4''
5''
6''
 
Table 17 represents the comparison of calculated and experimental values of 1H-NMR values of 
the dihydropyridines-3, 5-dicaboxylates (110-121). The 2, 6-methyl protons were calculated to 
appear at 1.71ppm while the observed values were in the range of 2.10 to 2.37ppm which is 
found somewhat closer to the expected values. Whereas the ester protons present at 3(5) 
positions were calculated to appear at 1.30(CH3) and 4.19 (CH2) and the observed values were in 
the range of 0.911 to 1.323 ppm and 3.909 to 4.241ppm for CH3 and CH2 respectively. H-4 of 
the dihydropyridines which is also an indication of hydrogenation of the compound showed a 
chemical shift value at 4.66ppm while the observed value is in the range 4.119-5.290ppm. 
Whereas furan ring protons H-3׳ and H-4׳ showed a chemical shift value in the range of 6.034-
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6.484ppm and 6.127-6.576ppm respectively in experimentally determined 1H-NMR spectra 
which are in close agreement with the calculated value. However in case of ArH multiplets were 
observed in the experimentally 1H-NMR in various ranges. Most of these values were found in 
accordance with the predicted ones.  
Table 17: Experimental v/s calculated 1H-NMR chemical shifts of Diethyl 2, 6-dimethyl-4-
(5׳-arylfuran-2׳-yl)-1, 4 dihydropyridine -3, 5-dicarboxylate: (110-121) 
Compound 
No. (R) 
110 
(R=3׳-NO2) 
112 
(R=2׳׳,3׳׳-dichloro) 
113 
(R=2׳׳-chloro-4׳׳-nitro) 
H Calc.  Exp. Calc. Exp. Calc. Exp. 
NH 8.0 8.1 7.9 8.1 8.24 8.1 
H-2(6) 
(CH3) 
1.71 2.35 1.71 2.358 1.71 2.374 
H-3(5) 
(CH3) 
1.30 1.208 1.30 1.261 1.30 1.302 
H-3(5) 
(CH2) 
4.19 4.075 4.19 4.197 4.19 4.184 
H-4 4.43 4.119 4.66 5.265 4.66 5.303 
H-3׳   5.9 5.265 5.9 5.265 
H-4׳   6.2 6.3 6.2 6.32 
Ar-H 7.40-8.00 7.20-7.99 7.14-7.30 7.02-7.65 7.68-8.26 7.28-8.275 
Compound 
No. (R) 
114 
(R=2׳׳-NO2) 
115 
(R=2׳׳, 4׳׳-dichloro) 
116 
(R=5׳׳-chloro-2׳׳-nitro) 
H Calc. Exp. Calc. Exp. Calc. Exp. 
NH 8.4 8.3 8.9 9.02 8.5 8.11 
H-2(6) 
(CH3) 
1.71 2.361 1.71 2.283 1.71 2.355 
H-3(5) 
(CH3) 
1.30 1.288 1.30 1.207 1.30 1.267 
H-3(5) 
(CH2) 
4.19 4.181 4.19 4.122 4.19 4.179 
H-4 4.66 5.138 4.66 5.112 4.66 5.140 
H-3׳ 5.9 6.120 5.9 6.03 5.9 6.127 
H-4׳ 6.2 6.127 6.2  6.2 6.576 
Ar-H 7.48-8.25 7.82-7.95 7.21-7.36 7.412-7.622 7.49-8.19 7.502-8.11 
Compound 
No. (R) 
117 
(R=2׳׳-chloro-5׳׳--
nitro) 
118 
(R=2׳׳, 5׳׳-dichloro) 
120 
(R=3׳׳-nitro) 
H Calc. Exp. Calc. Exp. Calc. Exp. 
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NH 8.4 8.6 8.4 8.0 8.4 8.41 
H-2(6) 
(CH3) 
1.71 2.178 1.71 2.368 1.71 2.379 
H-3(5) 
(CH3) 
1.30 1.323 1.30 1.305 1.30 1.319 
H-3(5) 
(CH2) 
4.19 4.241 4.19 4.231 4.19 4.234 
H-4 4.66 5.290 4.66 5.273 4.66 5.273 
H-3׳ 5.9 5.290 5.9 5.273 5.9 5.273 
H-4׳ 6.2 6.0 6.2 6.3 6.2 6.5 
Ar-H 7.59-8.35 7.27-8.613 7.17-7.43 7.047-7.711 7.58-8.41 7.266-8.41 
Compound 
No. (R) 
121 
(R=4׳׳-chloro) 
H Calc. Exp. 
NH 8.4 8.6 
H-2(6) 
(CH3) 
1.71 2.355 
H-3(5) 
(CH3) 
1.30 1.295 
H-3(5) 
(CH2) 
4.19 4.207 
H-4 4.66 5.232 
H-3׳ 5.9 5.232 
H-4׳ 6.2 6.484 
Ar-H 7.33-7.42 7.28-7.46 
 
4.8.2 Comparison of experimental v/s calculated 13C-NMR chemical shifts of Diethyl 2, 6-
dimethyl-4-(5׳-arylfuran-2׳-yl)-1, 4 dihydropyridine -3, 5-dicarboxylate: (110-121) 
Experimental and calculated 13C-NMR chemical shifts of dihydropyridine-3, 5-dicarboxylate 
(110-121) are presented in table 17. Here the carbonylic carbon was predicted at 167.2 ppm in all 
the compounds while the observed values were in the range of 167-168ppm which is in 
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accordance with the predicted ones. All other chemical shift values are in close resemblance with 
the predicted one. The table 18 of all the predicted values is as under: 
Table 18: Experimental v/s calculated 13C-NMR chemical shifts of Diethyl 2, 6-dimethyl-4-
(5׳-arylfuran-2׳-yl)-1, 4 dihydropyridine -3, 5-dicarboxylate: (110-121) 
Compound 
No. (R) 
111 
(R=4׳׳-nitro) 
112 
(R=2׳׳, 3׳׳-dichloro) 
113 
(R=2׳׳-chloro-4׳׳-nitro) 
C Calc. Exp. Calc. Exp. Calc. Exp. 
2(6) 150.7 149.98 150.7 145.20 150.7 145.42 
2(6)CH3 15.7 14.39 15.7 19.62 15.7 19.62 
3(5) 102.3 107.70 102.3 100.62 102.3 100.33 
3(5)CH3 14.2 14.08 14.2 14.40 14.2 14.40 
3(5)CH2 61.7 61.70 61.7 59.93 61.7 60.02 
3(5)C=O 167.2 167.20 167.2 167.29 167.2 167.13 
4 31.5 33.83 31.5 33.60 31.5 33.81 
2׳ 151.5 150.21 151.5 145.20 151.5 145.42 
3׳ 101.8 100.37 101.8 100.62 101.8 100.33 
4׳ 107.9 107.70 107.9 106.84 107.9 107.92 
5׳ 152.2 154.79 152.2 145.20 152.2 146.61 
1׳׳ 136.5 136.91 138.3 145.20 143.0 145.27 
2׳׳ 128.4 130.83 131.2 131.76 133.2 134.90 
3׳׳ 121.6 123.2 133.3 134.07 124.5 126.24 
4׳׳ 148.4 149.81 130.3 128.04 149.8 135.42 
5׳׳ 121.6 123.2 128.8 127.04 119.7 116.01 
6׳׳ 128.4 124.80 127.0 125.69 129.8 129.19 
Compound 
No. (R) 
114 
(R=2׳׳-nitro) 
115 
(R=2׳׳, 4׳׳-dichloro) 
116 
(R=5׳׳-chloro-2׳׳-nitro) 
C Calc. Exp. Calc. Exp. Calc. Exp. 
2(6) 150.7 146.129 150.7 147.43 150.7 146.958 
2(6)CH3 15.7 19.567 15.7 19.58 15.7 19.611 
3(5) 102.3 99.82 102.3 106.89 102.3 99.672 
3(5)CH3 14.2 14.36 14.2 14.40 14.2 14.34 
3(5)CH2 61.7 59.82 61.7 59.95 61.7 59.83 
3(5)C=O 167.2 167.21 167.2 167.35 167.2 167.216 
4 31.5 33.378 31.5 33.53 31.5 33.499 
2׳ 151.5 146.494 151.5 145.32 151.5 145.481 
3׳ 101.8 99.699 101.8 100.51 101.8 99.672 
4׳ 107.9 106.453 107.9 106.89 107.9 106.675 
5׳ 152.2 147.037 152.2 158.88 152.2 145.481 
1׳׳ 131.6 130.4 133.7 132.06 133.0 132.567 
2׳׳ 146.9 140.3 130.9 130.28 145.0 146.107 
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3׳׳ 121.6 119.0 135.7 129.91 123.0 123.779 
4׳׳ 129.7 127.228 127.5 130.28 129.8 131.537 
5׳׳ 135.4 127.561 130.3 127.97 140.9 132.567 
6׳׳ 128.4 127.561 135.0 129.91 128.3 128.529 
Compound 
No. (R) 
117 
(R=2׳׳-chloro-5׳׳--
nitro) 
118 
(R=2׳׳, 5׳׳-dichloro) 
119 
(R=3׳׳, 4׳׳-dichloro) 
C Calc. Exp. Calc. Exp. Calc. Exp. 
2(6) 150.7 151.318 150.7 147.048 150.7 149.69 
2(6)CH3 15.7 14.379 15.7 19.572 15.7 19.58 
3(5) 102.3 100.205 102.3 100.400 102.3 100.64 
3(5)CH3 14.2 14.111 14.2 14.442 14.2 14.39 
3(5)CH2 61.7 60.026 61.7 60.044 61.7 59.92 
3(5)C=O 167.2 167.267 167.2 167.381 167.2 167.29 
4 31.5 30.902 31.5 33.495 31.5 33.66 
2׳ 151.5 149.232 151.5 159.144 151.5 159.60 
3׳ 101.8 100.205 101.8 100.400 101.8 106.96 
4׳ 107.9 107.172 107.9 106.942 107.9 107.30 
5׳ 152.2 160.092 152.2 159.144 152.2 149.69 
1׳׳ 137.8 136.787 138.3 132.643 129.9 130.48 
2׳׳ 138.4 135.168 130.4 131.720 128.8 124.94 
3׳׳ 130.3 130.642 130.8 130.720 133.9 131.28 
4׳׳ 122.5 123.231 130.3 126.878 133.4 132.69 
5׳׳ 147.0 146.106 132.9 132.643 130.8 130.07 
6׳׳ 123.5 122.920 138.3 132.643 127.0 122.41 
Compound 
No. (R) 
121 
(R=4׳׳-chloro) 
C Calc. Exp. 
2(6) 150.7 145.305 
2(6)CH3 15.7 19.581 
3(5) 102.3 100.595 
3(5)CH3 14.2 14.40 
3(5)CH2 61.7 59.92 
3(5)C=O 167.2 167.43 
4 31.5 30.985 
2׳ 151.5 158.98 
3׳ 101.8 106.763 
4׳ 107.9 106.260 
5׳ 152.2 150.946 
1׳׳ 129.7 128.680 
2׳׳ 148.3 129.837 
3׳׳ 124.5 124.466 
4׳׳ 135.2 132.120 
5׳׳ 135.5 132.120 
6׳׳ 129.8 128.680 
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4.8.3 Comparison of 1H-NMR spectral data of Diethyl 4-(5׳-arylfuran-2׳-yl)-2, 6-diphenyl-1, 
4-dihydropyridine-3, 5-dicarboxylate: (122-126) 
N
H
O
O
O
H3C O
O
CH3
R
26
345
1''
2'
3'
4' 5'
2''
3'' 4''
5''
6''
 
Table 19 represents the comparison of calculated and experimental values of 1H-NMR values of 
the Diethyl 4-(5׳-arylfuran-2׳-yl)-2, 6-diphenyl-1, 4-dihydropyridine-3, 5-dicarboxylate. (122-
126). The NH proton of the dihydropyridine was calculated to appear at 8.0-8.1ppm and the 
observed values were resembled very closely. The protons of phenyl groups present at 2(6) 
position of the molecule were calculated to appear at 7.14-7.30ppm and the observed values are 
in the range 7.16-7.49ppm. The ester protons of methyl were calculated to appear at 1.30 and 
methylene protons at 4.19ppm, and the observed values were 0.91-1.14ppm and 3.90-4.18ppm 
for methyl and methylene respectively. H-4 proton which is an indication of dihydropyridine was 
calculated to appear at 4.43-4.66ppm and the observed values were in the range 3.31-5.33ppm. 
All other protons were also appeared in the expected range. 
Table 19: Experimental v/s calculated 1H-NMR chemical shifts of Diethyl 4-(5׳-arylfuran-
2׳-yl)-2, 6-diphenyl-1, 4-dihydropyridine-3, 5-dicarboxylate: (122-126) 
Compound 
No. (R) 
122 
(R=3׳-NO2) 
125 
(R=4׳׳-bromo) 
H Calc. Exp. Calc. Exp. 
NH 8.0 8.427 8.1  
H-2(6) (C6H5) 7.14-7.30 7.36-7.397 7.14-7.30 7.16-7.49 
H-3(5) (CH3) 1.30 0.911 1.30 1.147 
H-3(5) (CH2) 4.19 3.909 4.19 4.184 
451 
 
H-4 4.43 5.333 4.66 3.313 
H-3׳   5.9 5.232 
H-4׳   6.2 6.623 
Ar-H 7.40-8.00 7.41-7.420 7.37-7.49 7.49-7.55 
 
4.8.4 Comparison of 13C-NMR spectral data of Diethyl 4-(5׳-arylfuran-2׳-yl)-2, 6-diphenyl-
1, 4-dihydropyridine-3, 5-dicarboxylate: (122-126) 
Experimental and calculated 13C-NMR chemical shifts of Diethyl 4-(5׳-arylfuran-2׳-yl)-2, 6-
diphenyl-1, 4-dihydropyridine-3, 5-dicarboxylate (122-126) is given in the table 20. 
Table 20: Experimental v/s calculated 13C-NMR chemical shifts of Diethyl 4-(5׳-arylfuran-
2׳-yl)-2, 6-diphenyl-1, 4-dihydropyridine-3, 5-dicarboxylate: (122-126) 
Compound 
No. (R) 
122  
(R=4׳׳-nitro) 
124  
(R=3׳׳, 4׳׳-dichloro) 
125  
(R=4׳׳-bromo) 
C Calc. Exp. Calc. Exp. Calc. Exp. 
2(6) 144.3 146.498 144.3 149.207 144.3 148.779 
2(6)C6H5 126.4-
134.3 
128.114-
136.136 
126.4-
134.3 
128.582 126.4-134.3 128.7-
136.4 
3(5) 97.0 103.342 97.0  97.0  
3(5)CH3 14.2 13.669 14.2 14.103 14.2 14.101 
3(5)CH2 61.7 60.093 61.7 61.579 61.7 61.509 
3(5)C=O 167.2 166.492 167.2 165.016 167.2 165.016 
4 42.0 40.081 31.3 30.958 31.3 30.951 
2׳   151.5 155.012 151.5 148.779 
3׳   101.8 100.00 101.8 100.180 
4׳   107.9 108.900 107.9 108.198 
5׳   152.2 149.207 152.2 148.779 
1׳׳ 143.1 148.553 129.9 128.582 129.4 129.231 
2׳׳ 124.3 122.760 128.8 128.582 129.7 129.231 
3׳׳ 148.3 149.356 133.9 133.058 132.2 133.715 
4׳׳ 118.1 121.734 133.4 133.830 123.1 122.570 
5׳׳ 129.6 129.576 130.8 133.058 132.2 133.715 
6׳׳ 135.2 129.576 127.0 133.830 129.7 129.231 
126 
(R=2׳׳-nitro) 
Calc. Exp. 
144.3 147.153 
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126.4-134.3 127.7-
133.8 
97.0 100.0 
14.2 14.094 
61.7 61.658 
167.2 164.791 
31.3 34.6 
151.5 147.153 
101.8 100.0 
107.9 112.760 
152.2 147.153 
131.6 128.948 
146.9 147.153 
121.6 122.8 
129.7 128.948 
135.4 136.290 
128.4 128.948 
 
4.8.5 Comparison of 1H-NMR and 13C-NMR spectral data of 3, 5-diacetyl-4-(5׳-arylfuran-
2׳-yl) furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine: (127-132) 
The calculated 1H-NMR chemical shift values of the compounds (127-132) were 1.71pppm and 
2.30ppm for methyl groups at 2(6) and methyl groups of acetyl substituents at 3(5) positions 
respectively while the observed values are 2.29ppm and 2.40ppm respectively. H-4 was 
calculated to appear at 4.66ppm and observed at 5.223ppm. |The calculated and observed values 
of aryl protons were also in accordance.  
As far as the 13C-NMR is concerned both the methyl groups present at 2(6) position were 
calculated to appear in the range 15.8-18.0ppm while the observed value was in the range 20.39-
20.55ppm which a close accordance of values. Carbons of acetyl group present at 3(5) position 
were calculated to appear at 26.8ppm and 196.5ppm (CH3 and C=O respectively), the observed 
values were in the range 26.1-29.0ppm and 196-197ppm respectively. The individual values are 
given in table 21. 
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Table 21: Experimental v/s calculated 1H-NMR and 13C-NMR chemical shifts of 3, 5-
diacetyl-4-(5׳-arylfuran-2׳-yl) furan-2׳-yl)-2, 6-dimethyl-1, 4-dihydropyridine: (127-132) 
Compound 
No. (R) 
130  
(R=2׳׳, 5׳׳-dichloro) 
Compound 
No. (R) 
127 
(R=4׳׳-chloro) 
H Calc. Exp. C Calc. Exp. 
NH 8.0 8.4 2(6) 148.4 148.36 
H-2(6) (CH3) 1.71 2.29 2(6)CH3 15.8 20.39 
H-3(5) 
(COCH3) 
2.30 2.40 3(5) 113.3 108.60 
H-4 4.66 5.223 3(5)CH3 26.8 26.12 
H-3׳ 5.9 6.34 3(5)C=O 196.5 192.8 
H-4׳ 6.2 6.34 4 27.9 29.56 
Ar-H 7.17-7.27 7.53-7.60 2׳ 151.5 157.10 
   3׳ 101.8 106.11 
   4׳ 107.9 107.41 
   5׳ 152.2 157.10 
   1׳׳ 128.5 128.81 
   2׳׳ 128.9 128.81 
   3׳׳ 129.4 129.31 
   4׳׳ 134.3 134.89 
   5׳׳ 129.4 129.31 
   6׳׳ 128.9 128.81 
Compound 
No. (R) 
128  
(R=5׳׳-chloro-2׳׳-
nitro) 
Compound 
No. (R) 
132 
(R=2׳׳-nitro) 
C Calc. Exp. C Calc. Exp. 
2(6) 148.4 149.772 2(6) 148.4 147.168 
2(6)CH3 15.8 20.551 2(6)CH3 15.8 20.529 
3(5) 113.3 113.238 3(5) 113.3 110.146 
3(5)CH3 26.8 26.141 3(5)CH3 26.8 29.927 
3(5)C=O 196.5 196.720 3(5)C=O 196.5 197.003 
4 27.9 29.885 4 27.9 29.927 
2׳ 151.5 145.143 2׳ 151.5 147.301 
3׳ 101.8 107.182 3׳ 101.8 107.037 
4׳ 107.9 109.713 4׳ 107.9 107.037 
5׳ 152.2 149.772 5׳ 152.2 145.457 
1׳׳ 133.0 132.749 1׳׳ 131.6 131.621 
2׳׳ 145.0 145.143 2׳׳ 146.9 145.457 
3׳׳ 123.0 123.872 3׳׳ 121.6 123.666 
4׳׳ 129.8 130.423 4׳׳ 129.7 127.913 
5׳׳ 140.9 139.427 5׳׳ 135.4 131.621 
6׳׳ 128.3 128.210 6׳׳ 128.4 131.621 
454 
 
4.8.6 Comparison of 1H-NMR and 13C-NMR spectral data of 2, 6-dimethyl-4-(5׳-arylfuran-
2׳-yl) furan-2׳-yl)-N3, N5-diphenyl-1, 4-dihydropyridine-3, 5-dicarboxamide: (133-134) 
 
N
H
O
CH3H3C
N
H
O
N
H
O
R
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The calculated 1H-NMR chemical shift values of the compounds (127-132) were 1.71ppm for 
methyl protons at 2(6) position of the molecule while the observed value is 2.107ppm which is in 
close relevance of the calculated value. Same is the case with other values. A detailed 
comparison is given in the table 22. 
As far as 13C-NMR chemical shift values are concerned the calculated values of methyl at 2(6) 
carbons, and the amide C=O were 15.3ppm and 163.1ppm respectively, while the experimentally 
recorded values were 17.473ppm for methyl groups and 165.282ppm for amide C=O groups, 
which are very close to the calculated ones. The detailed comparison of individual carbon values 
are given in table 22. 
Table 22: Experimental v/s calculated 1H-NMR and 13C-NMR chemical shifts of of 2, 6-
dimethyl-4-(5׳-arylfuran-2׳-yl) furan-2׳-yl)-N3, N5-diphenyl-1, 4-dihydropyridine-3, 5-
dicarboxamide: (133-134) 
Compound 
No. (R) 
133 
(R=4׳׳-nitro) 
Compound 
No. (R) 
133 
(R=4׳׳-nitro) 
H Calc. Exp. C Calc. Exp. 
NH 8.5 9.566 2(6) 149.5 150.476 
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H-2(6) (CH3) 1.71 2.107 2(6)CH3 15.3 17.473 
H-3(5) (C6H5) 7.00-7.64 7.05-7.63 3(5) 102.8 102.356 
H-3(5) NH 8.0 8.013 3(5) (C6H5) 121.6-135.9 122.8-134.3 
H-4 4.66 5.339 3(5)C=O 163.1 165.282 
H-3׳ 5.9 5.339 4 32.7 26.237 
H-4׳ 6.2 6.266 2׳ 151.5 150.476 
H-2׳׳ 7.74 7.782 3׳ 101.8 102.356 
H-3׳׳ 8.25 8.132 4׳ 107.9 107.775 
H-5׳׳ 8.25 8.132 5׳ 152.2 153.925 
H-6׳׳ 7.74 7.782 1׳׳ 136.5 134.442 
   2׳׳ 128.4 128.526 
   3׳׳ 121.6 121.505 
   4׳׳ 148.4 146.474 
   5׳׳ 121.6 121.505 
   6׳׳ 128.4 128.526 
 
Pyridines 
4.8.7 Comparison of 1H-NMR and 13C-NMR spectral data of Diethyl 4-(5׳-arylfuran-2׳-yl)-
2, 6 diphenyl pyridine-3, 5-dicarboxylate: (147-149) 
N
O
O
O
H3C O
O
CH3
R
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As far as the comparison of 1H-NMR chemical shift values of the compounds (147-149) are 
concerned the calculated value of methyl protons present in ester group attached at 3(5) position 
of the molecule was calculated to appear at 1.30ppm and neighboring methylene group protons 
at 4.29ppm while the experimentally recorded values were -0.737-2.490ppm and 3.850-
4.238ppm for methyl and methylene respectively. A detailed comparison is given in the table 23. 
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The 13C-NMR chemical shift values for the methyl carbon present at 3(5) ester group was 
calculated to appear at 14.1ppm, methylene carbon at 60.9ppm and C=O at 166.0ppm. The 
observed values are 13.04-14.104ppm for methyl carbon, 61.48-61.493ppm for methylene 
carbon and 165.026-166.30ppm foe C=O. Comparison of individual values of all the carbons of 
compounds (147-149) are given in table 23. 
Table 23: Experimental v/s calculated 1H-NMR and 13C-NMR chemical shifts of Diethyl 4-
(5׳-arylfuran-2׳-yl)-2, 6 diphenyl pyridine-3, 5-dicarboxylate: (147-149) 
Compound 
No. (R) 
147 
(R=4׳׳-chloro) 
Compound 
No. (R) 
147 
(R=4׳׳-chloro) 
H Calc. Exp. C Calc. Exp. 
H-2(6)(C6H5) 7.28-7.99 7.11-8.05 2(6) 152.2 148.810 
H-3(5)(CH3) 1.30 1.42 2(6)(C6H5) 127.6-136.3 127.7-136.5 
H-3(5)(CH2) 4.29 4.238 3(5) 117.2 108.102 
H-3׳ 6.3 6.605 3(5)(CH3) 14.1 14.104 
H-4׳ 6.3 6.759 3(5)(CH2) 60.9 61.493 
H-2׳׳ 7.42 7.479 3(5)(C=O) 166.0 165.026 
H-3׳׳ 7.33 7.230 C-4 145.5 148.810 
H-5׳׳ 7.33 7.230 2׳ 153.0 156.481 
H-6׳׳ 7.42 7.479 3׳ 102.3 108.102 
   4׳ 102.3 108.102 
   5׳ 153.0 156.481 
   1׳׳ 128.5 127.753 
   2׳׳ 128.9 127.753 
   3׳׳ 129.4 129.247 
   4׳׳ 134.3 136.502 
   5׳׳ 129.4 129.247 
   6׳׳ 128.9 127.753 
Compound 
No. (R) 
148 
(R=4׳׳-nitro) 
Compound 
No. (R) 
147 
(R=4׳׳-chloro) 
C Calc. Exp. C Calc. Exp. 
2(6) 152.2 150.267 2(6) 152.2 148.810 
2(6)(C6H5) 127.4-
136.3 
127.0-
136.2 
2(6)(C6H5) 127.6-136.3 127.7-136.5 
3(5) 117.2 119.897 3(5) 117.2 108.102 
3(5)(CH3) 14.1 14.100 3(5)(CH3) 14.1 14.104 
3(5)(CH2) 60.9 61.759 3(5)(CH2) 60.9 61.493 
3(5)(C=O) 166.0 164.757 3(5)(C=O) 166.0 165.026 
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C-4 145.5 147.015 C-4 145.5 148.810 
2׳ 153.0 154.731 2׳ 153.0 156.481 
3׳ 102.3 111.119 3׳ 102.3 108.102 
4׳ 102.3 111.119 4׳ 102.3 108.102 
5׳ 153.0 154.731 5׳ 153.0 156.481 
1׳׳ 136.5  1׳׳ 128.5 127.753 
2׳׳ 128.4  2׳׳ 128.9 127.753 
3׳׳ 121.6  3׳׳ 129.4 129.247 
4׳׳ 148.4  4׳׳ 134.3 136.502 
5׳׳ 121.6  5׳׳ 129.4 129.247 
6׳׳ 128.4  6׳׳ 128.9 127.753 
Compound 
No. (R) 
149 
(R=3׳-nitro) 
Compound 
No. (R) 
147 
(R=3׳-nitro) 
H Calc. Exp. C Calc. Exp. 
2(6)(C6H5) 7.28-7.99 7.50-7.79 2(6) 152.1 155.79 
3(5)(CH3) 1.30 0.737 2(6)(C6H5) 127.4-136.3 126.7-136.3 
3(5)(CH2) 4.29 3.850 3(5) 116.6 122.88 
2׳׳ 8.41 8.354 3(5)(CH3) 14.1 13.04 
4׳׳ 8.15 8.151 3(5)(CH2) 60.9 61.48 
5׳׳ 7.58 7.508 3(5)(C=O) 166.0 166.30 
6׳׳ 7.87 7.801 C-4 149.9 147.25 
   1׳׳ 138.9 138.23 
   2׳׳ 122.0 123.82 
   3׳׳ 148.9 144.67 
   4׳׳ 121.6 123.82 
   5׳׳ 130.2 130.15 
   6׳׳ 133.5 134.88 
 
4.8.8 Comparison of 1H-NMR and 13C-NMR spectral data of Diethyl 2, 6-dimethyl-4-(5׳-
arylfuran-2׳-yl) pyridine-3, 5-dicarboxylate: (150, 152) 
N
O
CH3H3C
O
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H3C O
O
CH3
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The calculated values of 1H-NMR were 1.30ppm for the protons of methyl group present in ester 
group of 2(6) position and the observed values for the same protons was 2.490ppm. The 
calculated value of protons of methylene of ester group was 4.29ppm and the signals observed 
were at 4.150ppm which is in close relevance with the calculated one. 
The calculated 13C-NMR values of the compound (150, 152) for the methyl carbon of ester was 
14.1ppm, methylene carbon 60.9ppm and C=O carbon was calculated to appear at 166.0ppm. 
The observed values for these carbons were 13.560ppm, 61.795ppm and 166.984ppm for methyl, 
methylene and C=O respectively. 
The detailed comparison of 1H-NMR and 13C-NMR chemical shift values is given in table 24: 
Table 24: Experimental v/s calculated 1H-NMR and 13C-NMR chemical shifts of Diethyl 2, 
6-dimethyl-4-(5׳-arylfuran-2׳-yl) pyridine-3, 5-dicarboxylate: (150, 152) 
Compound 
No. (R) 
150 
(R=2׳׳-nitro) 
Compound 
No. (R) 
150 
(R=2׳׳-nitro) 
H Calc. Exp. C Calc. Exp. 
H-2(6)(CH3) 2.55 2.490 2(6) 164.2 166.984 
H-3(5)(CH3) 1.30 1.077 2(6)(CH3) 18.0 22.385 
H-3(5)(CH2) 4.29 4.150 3(5) 117.9 114.166 
H-3׳ 6.3 6.759 3(5)(CH3) 14.1 13.560 
H-4׳ 6.3 6.966 3(5)(CH2) 60.9 61.795 
H-3׳׳ 8.25 7.951 3(5)(C=O) 166.0 166.984 
H-4׳׳ 7.48 7.627 C-4 143.5 146.905 
H-5׳׳ 7.71 7.657 2׳ 153.0 155.503 
H-6׳׳ 7.74 7.791 3׳ 102.3 112.088 
   4׳ 102.3 112.088 
   5׳ 153.0 155.503 
   1׳׳ 131.6 130.082 
   2׳׳ 146.9 146.905 
   3׳׳ 121.6 121.987 
   4׳׳ 129.7 128.826 
   5׳׳ 135.4 132.907 
   6׳׳ 128.4 128.826 
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Compound 
No. (R) 
152 
(R=2׳׳, 5׳׳-dichloro) 
C Calc. Exp. 
2(6) 164.2 167.12 
2(6)(CH3) 18.0 22.22 
3(5) 117.9 114.27 
3(5)(CH3) 14.1 13.62 
3(5)(CH2) 60.9 61.78 
3(5)(C=O) 166.0 167.12 
C-4 143.5 147.01 
2׳ 153.0 132.74 
3׳ 102.3 114.31 
4׳ 102.3 114.31 
5׳ 153.0 132.74 
1׳׳ 138.3 132.75 
2׳׳ 130.4 131.90 
3׳׳ 130.8 131.90 
4׳׳ 130.3   131.90 
5׳׳ 132.9 132.75 
6׳׳ 128.8 128.62 
 
4.8.9 Comparison of 1H-NMR and 13C-NMR spectral data of Diethyl 4-(5׳-(2׳׳, 4׳׳-
dichlorophenyl) furan-2׳-yl)-2, 6-diphenylpyridine-3, 5-dicarboxylate: (155) 
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The comparison of 1H-NMR and 13C-NMR chemical shift values is given in the table 25: 
Table 25: Experimental v/s calculated 1H-NMR and 13C-NMR chemical shifts of Diethyl 4-
(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-2, 6-diphenylpyridine-3, 5-dicarboxylate: (155) 
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Compound 
No. (R) 
155 
(R=2׳׳, 4׳׳-dichloro) 
Compound 
No. (R) 
155 
(R=2׳׳, 4׳׳-dichloro) 
H Calc. Exp. C Calc. Exp. 
H-2(6)(C6H5) 7.28-7.99 7.23-7.99 2(6) 152.2 151.628 
H-3(5)(CH3) 1.30 1.146 2(6)(C6H5) 127.4-136.3 127.5-135.7 
H-3(5)(CH2) 4.29 4.191 3(5) 117.2 114.173 
H-3׳ 6.3 6.789 3(5)(CH3) 14.1 14.008 
H-4׳ 6.3 6.789 3(5)(CH2) 60.9 61.208 
H-3׳׳ 7.34 7.312 3(5)(C=O) 166.0 164.196 
H-5׳׳ 7.21 7.218 C-4 145.5 148.543 
H-6׳׳ 7.36 7.312 2׳ 153.0 151.628 
   3׳ 102.3 114.173 
   4׳ 102.3 114.173 
   5׳ 153.0 151.628 
   1׳׳ 135.0 135.735 
   2׳׳ 133.7 133.605 
   3׳׳ 130.9 130.319 
   4׳׳ 135.7 135.735 
   5׳׳ 127.5 127.269 
   6׳׳ 130.3 130.319 
 
4.8.10 Comparison of 1H-NMR spectral data of 2, 6-dimethyl-4-(5׳-arylfuran-2׳-yl)-N3, N5-
diphenylpyridine-3, 5-dicarboxamide: (157-160) 
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Table 26 represents the comparison of calculated and experimental values of 1H-NMR values of 
the dihydropyridines-3, 5-dicarboxamide (157-160). The 2, 6-methyl protons were calculated to 
appear at 2.55ppm while the observed values were in the range of 2.490-2.541ppm which is 
found somewhat closer to the expected values. The amide NH protons were calculated to appear 
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at 8.0ppm while the observed values were in the range 8.299-10.599ppm. The comparison of the 
chemical shift values of the 1H-NMR of compound (157-160) is as follows: 
Table 26: Experimental v/s calculated 1H-NMR chemical shifts of 2, 6-dimethyl-4-(5׳-
arylfuran-2׳-yl)-N3, N5-diphenylpyridine-3, 5-dicarboxamide: (157-160) 
Compound 
No. (R) 
157 
(R=3׳׳-nitro) 
158  
(R=2׳׳-nitro) 
160 
(R=2׳׳-chloro-4׳׳-nitro) 
H Calc.  Exp. Calc. Exp. Calc. Exp. 
2(6)(CH3) 2.55 2.490 2.55 2.490 2.55 2.541 
3(5)NHCO 8.0 8.299 8.0 9.427 8.0 10.599 
3(5)C6H5 7.00-7.64 7.00-7.62 7.00-7.64 7.00-7.69 7.00-7.64 7.06-7.56 
H-3׳ 6.3 6.205 6.3 6.211 6.3 6.698 
H-4׳ 6.3 6.205 6.3 6.20 6.3 6.889 
H-2׳׳ 8.41 8.229     
H-3׳׳   8.25 8.299 8.26 7.999 
H-4׳׳ 8.15 7.866 7.48 7.493   
H-5׳׳ 8.15 7.686 7.71 7.729 8.13 7.995 
H-6׳׳ 7.87 7.686 7.74 7.743 7.68 7.561 
 
4.8.11 Comparison of 13C-NMR spectral data of 2, 6-dimethyl-4-(5׳-arylfuran-2׳-yl)-N3, N5-
diphenylpyridine-3, 5-dicarboxamide: (157-160) 
As far as the 13C-NMR chemical shift values of the compounds (157-160) are concerned the 
calculated values are in close resemblance with the observed values. The detail is given in table 
27 as follows: 
Table 27: Experimental v/s calculated 13C-NMR chemical shifts of 2, 6-dimethyl-4-(5׳-
arylfuran-2׳-yl)-N3, N5-diphenylpyridine-3, 5-dicarboxamide: (157-160) 
Compound 
No. (R) 
157 
(R=3׳׳-nitro) 
158  
(R=2׳׳-nitro) 
160 
(R=2׳׳-chloro-4׳׳-nitro) 
C Calc.  Exp. Calc. Exp. Calc. Exp. 
2(6) 164.2 167.157 164.2 167.157 164.2 165.34 
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2(6) CH3 17.6 17.588 17.6 17.588 17.6 22.10 
3(5) 125.8 124.134 125.8 124.994 125.8 125.37 
3(5) C6H5 121.6-
135.9 
120.3-
139.0 
121.6-
135.9 
120.3-132.2 121.6-135.9 119.7-
133.1 
3(5) C=O 164.8 167.157 164.8 167.157 164.8 165.34 
C-4 146.7 139.659 146.7 139.739 146.7 146.64 
2׳ 153.0 139.659 153.0 139.739 153.0 154.33 
3׳ 102.3 102.120 102.3 102.120 102.3 112.32 
4׳ 102.3 102.120 102.3 102.120 102.3 112.32 
5׳ 153.0 139.659 153.0 139.739 153.0 154.33 
1׳׳ 131.3 131.812 131.6 131.812 143.0 138.71 
2׳׳ 122.1 122.792 146.9 139.283 133.2 138.71 
3׳׳ 148.9 139.739 121.6 123.609 124.5 123.82 
4׳׳ 121.1 119.628 129.7 128.495 149.8 149.03 
5׳׳ 130.2 128.877 135.4 128.166 119.7 119.08 
6׳׳ 133.6 132.227 128.4 127.368 129.8 129.53 
 
4.8.12 Comparison of 1H-NMR spectral data of 2, 6-dimethyl-4-(5׳-arylfuran-2׳-yl)-N3, N5-
diphenylpyridine-3, 5-dicarboxamide: (162-168) 
The comparison of 1H-NMR chemical shift values of the compound (162-168) is as follows:   
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Table 28: Experimental v/s calculated 1H-NMR chemical shifts of 2, 6-dimethyl-4-(5׳-
arylfuran-2׳-yl)-N3, N5-diphenylpyridine-3, 5-dicarboxamide: (162-168) 
Compound 
No. (R) 
164 
(R=4׳׳-bromo),  
(R1=H) 
168 
(R=3׳׳, 4׳׳-dichloro),  
(R1=4-chloro) 
H Calc. Exp. Calc. Exp. 
2(6)(CH3) 2.55 2.590 2.55 2.529 
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3(5)NHCO 8.0 10.714 8.0 10.767 
3(5)C6H5(H-
2,6) 
7.64 7.670 7.58 7.663 
3(5)C6H5(H-
3,5) 
7.24 7.298 7.25 7.148 
H-3׳ 6.3 6.979 6.3 6.850 
H-4׳ 6.3 6.966 6.3 6.850 
H-2׳׳ 7.37 7.122 7.43 7.749 
H-3׳׳ 7.49 7.349   
H-4׳׳     
H-5׳׳ 7.49 7.349 7.27 7.148 
H-6׳׳ 7.37 7.122 7.30 7.344 
Compound 
No. (R) 
166 
(R=2׳׳, 3׳׳-dichloro),  
(R1=2-chloro) 
H Calc. Exp. 
2(6)(CH3) 2.55 2.496 
3(5)NHCO 8.0 10.270 
3(5)C6H5(H-
2) 
  
3(5)C6H5(H-
3) 
7.25 7.220 
3(5)C6H5(H-
4) 
6.94 7.013 
3(5)C6H5(H-
5) 
7.12 7.197 
3(5)C6H5(H-
6) 
7.58 7.588 
H-3׳ 6.3 6.997 
H-4׳ 6.3 6.997 
H-2׳׳   
H-3׳׳   
H-4׳׳ 7.17 7.184 
H-5׳׳ 7.14 7.034 
H-6׳׳ 7.30 7.377 
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Table 29: Experimental v/s calculated 13C-NMR chemical shifts of 2, 6-dimethyl-4-(5׳-
arylfuran-2׳-yl)-N3, N5-diphenylpyridine-3, 5-dicarboxamide: (162-168) 
Compound 
No. (R) 
162 
(R=2׳׳-chloro-4׳׳-
nitro),  
(R1=4-chloro) 
164 
(R=4׳׳-bromo),  
(R1=H) 
166 
(R=2׳׳, 3׳׳-dichloro) 
(R1=2-chloro) 
C Calc.  Exp. Calc. Exp. Calc. Exp. 
2(6) 164.2 166.348 164.2 165.286 164.2 166.52 
2(6) CH3 17.6 17.432 17.6 20.963 17.6 14.14 
3(5) 125.8 125.480 125.8 125.8 125.8 126.50 
3(5) C6H5 123.0-
134.0 
121.7-
133.0 
121.6-
129.0 
119.4-138.7 123.0-134.9 126.7-
134.1 
3(5) C=O 164.8 166.348 164.8 164.8 164.8 166.52 
C-4 146.7 148.878 146.7 138.7 146.7 134.14 
2׳ 153.0 153.341 153.0 165.286 153.0 154.42 
3׳ 102.3 102.292 102.3 109.352 102.3 114.09 
4׳ 102.3 102.292 102.3 109.352 102.3 114.09 
5׳ 153.0 153.341 153.0 165.286 153.0 154.42 
1׳׳ 143.0 139.545 129.4 128.672 138.3 134.14 
2׳׳ 129.8 128.772 129.7 127.934 131.2 129.57 
3׳׳ 119.7 120.460 132.2 132.723 133.9 134.14 
4׳׳ 149.8 148.878 123.1 119.855 130.3 129.57 
5׳׳ 124.5 125.480 132.2 131.520 128.8 129.57 
6׳׳ 133.2 133.045 129.7 127.934 127.0 127.80 
168 
(R=3׳׳, 4׳׳-dichloro) 
(R1=4-chloro) 
Calc. Exp. 
164.2 166.314 
17.6 22.067 
125.8 128.792 
123.0-134.9 128.7-
137.7 
164.8 166.314 
146.7 154.459 
153.0 154.459 
102.3 114.09 
102.3 114.09 
153.0 154.459 
129.9 128.792 
128.8 128.792 
133.9 130.850 
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133.4 130.850 
130.8 130.850 
127.0 128.792 
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4.9 Biginelli reaction 
4.9.1 Comparison of 13C-NMR spectral data of Ethyl-2-oxo-4, 6-diphenyl-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxylate: (170) 
N
H
NH
O
O
OH3C
1 2
345
6
 
The comparison of 13C-NMR chemical shift values of the compound (170) is going to be 
discussed here. The C=O (C-2) carbon was calculated to appear at 150.3ppm and was observed 
at 152.07ppm. C-4 was calculated to appear at 49.4ppm and was found at 54.11ppm. Same is the 
case with other carbons of the compound (170). All the values for the carbons have been given in 
the table 30 as follows: 
Table 30: Experimental v/s calculated 13C-NMR chemical shifts of Ethyl-2-oxo-4, 6-
diphenyl-1, 2, 3, 4-tetrahydropyrimidine-5-carboxylate: (170) 
C Calc. Exp. 
C-2 150.3 152.07 
C-4 49.4 54.11 
C-4(C6H5) C-1׳ 143.2 131.95 
C-4(C6H5) C-2׳, 6׳ 127.0 127.39 
C-4(C6H5) C-3׳, 5׳ 128.6 128.32 
C-4(C6H5) C-4׳ 126.8 126.28 
C-5 102.3 100.66 
C-5(CH3) 14.2 13.35 
C-5(CH2) 61.7 59.04 
C-5(C=O) 167.2 165.09 
C-6 140.9 131.95 
C-6(C6H5) C-1׳ 134.3 128.90 
C-6(C6H5) C-2׳,6׳ 126.4 126.28 
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C-6(C6H5) C-3׳,5׳ 128.7 128.51 
C-6(C6H5) C-4׳ 128.0 128.32 
 
4.9.2 Comparison of 1H-NMR spectral data of N-(4-Chlorophenyl)-4-(5׳-arylfuran-2׳-yl)-6-
methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamides: (175-178) 
N
H
NH
O
OH3C
O
R
26
345
1''
2'
3'
4' 5'
2''
3'' 4''
5''
6''
N
H
Cl
1'''
2'''
3'''
4'''
5'''
6'''
 
As far as the comparison of calculated and experimental values of 1H-NMR spectra is concerned 
the NH protons of the urea moiety was found to appear in the range 6.496 -8.901ppm and the 
calculated values were 6.0ppm. The NH of amide group was calculated to appear at 8.0ppm and 
was observed in the range 8.8-10.235ppm. Comparison of all protons is discussed in table 31 
one by one. 
Table 31: Experimental v/s calculated 1H-NMR chemical shifts of N-(4-Chlorophenyl)-4-
(5׳-arylfuran-2׳-yl)-6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamides: (175-
178) 
Compound 
No. (R) 
175 
(R=2׳׳, 4׳׳-dichloro) 
177 
(R=2׳׳, 5׳׳-dichloro) 
178 
(R=4׳׳-Bromo) 
H Calc.  Exp. Calc. Exp. Calc. Exp. 
H-1, 3 6.0 6.369 6.0 6.380 6.0 6.496 
H-4 5.79 5.514 5.79 5.542 5.79 5.553 
H-5(NH) 8.0 8.901 8.0 9.776 8.0 10.235 
H-5 
(C6H5)2׳׳׳,6׳׳׳ 
7.58 7.630 7.58 7.539 7.58 7.340 
H-5 7.25 7.330 7.25 7.351 7.25 7.399 
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(C6H5)3׳׳׳,5׳׳׳ 
H-6(CH3) 1.71 2.062 1.71 2.067 1.71 2.106 
H-3׳ 6.1 6.369 6.1 6.380 6.1 6.501 
H-4׳ 6.2 6.369 6.2 6.380 6.2 6.501 
H-2׳׳     7.37 6.622 
H-3׳׳ 7.34 7.372 7.27 7.312 7.49 7.340 
H-4׳׳   7.17 7.150   
H-5׳׳ 7.21 7.072   7.49 7.340 
H-6׳׳ 7.36 7.404 7.43 7.355 7.37 6.622 
 
4.9.3 Comparison of 13C-NMR spectral data of N-(4-Chlorophenyl)-4-(5׳-arylfuran-2׳-yl)-6-
methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamides: (175-178) 
The 13C-NMR of the compounds mentioned above was also compared with the calculated values. 
And the findings are given in following table 32: 
Table 32: Experimental v/s calculated 13C-NMR chemical shifts of N-(4-Chlorophenyl)-4-
(5׳-arylfuran-2׳-yl)-6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-carboxamides: (175-
178) 
Compound 
No. (R) 
175 
(R=2׳׳, 4׳׳-dichloro) 
177 
(R=2׳׳, 5׳׳-dichloro) 
178 
(R=4׳׳-Bromo) 
C Calc.  Exp. Calc. Exp. Calc. Exp. 
C-2 150.3 152.60 150.3 152.64 150.3 156.53 
C-4 51.6 48.95 51.6 48.90 51.6 48.86 
C-5 108.6 107.59 108.6 107.59 108.6 109.12 
C-5(C=O) 163.1 152.60 163.1 164.92 163.1 164.53 
C-5(C6H5) 
C-1׳׳׳ 
134.0 138.21 134.0 132.37 134.0 137.90 
C-5(C6H5) 
C-2׳׳׳,6׳׳׳ 
123.0 121.11 123.0 121.11 123.0 121.21 
C-5(C6H5) 
C-3׳׳׳,5׳׳׳ 
129.1 128.37 129.1 129.61 129.1 128.79 
C-5(C6H5) 
C-4׳׳׳ 
129.9 128.37 129.9 129.61 129.9 128.79 
C-6 146.1 152.60 146.1 146.99 146.1 147.15 
C-6 (CH3) 13.9 17.12 13.9 17.09 13.9 16.62 
C-2׳ 151.5 152.60 151.5 152.64 151.5  
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C-3׳ 101.8 107.59 101.8 101.87 101.8 103.67 
C-4׳ 107.9 107.59 107.9 107.59 107.9 109.13 
C-5׳ 152.2 152.60 152.2 152.64 152.2 156.53 
C-1׳׳ 135.0 138.21 138.3 138.16 129.4 128.78 
C-2׳׳ 133.7 138.21 130.4 132.15 129.7 128.78 
C-3׳׳ 130.9 128.37 130.8 132.15 132.2 133.48 
C-4׳׳ 135.7 138.21 130.3 132.15 123.1 122.38 
C-5׳׳ 127.5 127.49 132.9 132.15 132.2 133.48 
C-6׳׳ 130.3 128.37 128.8 128.36 129.7 128.78 
 
4.9.4 Comparison of 1H-NMR spectral data of 4-(5׳-(4׳׳-Chloro-2׳׳-nitrophenyl) furan-2׳-
yl)-N-(2-chlorophenyl)-6-methyl-2-oxo-1, 2-dihydropyrimidine-5-carboxamide: (186) 
N
H
NH
O
OH3C
O
26
345
1''
2'
3'
4' 5'
2''
3''
4''
5''
6''
N
H
Cl
1'''
2'''
3'''
4'''
5'''
6'''
O2N
Cl
 
Comparison of 1HNMR chemical shift values of compound (186) is given in table 33. It shows 
that the calculated value of NH protons of urea moiety was 6.0ppm and the observed value was 
6.529ppm which is in accordance with the calculated one. Also the calculated value of H-4 was 
5.79ppm and it was found to appear at 5.544ppm. The detail of all the protons is as under: 
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Table 33: Experimental v/s calculated 1H-NMR chemical shifts of 4-(5׳-(4׳׳-Chloro-2׳׳-nitro 
phenyl) furan-2׳-yl)-N-(2-chlorophenyl)-6-methyl-2-oxo-1, 2-dihydropyrimidine-5-
carboxamide: (186) 
H Calc.  Exp. 
H-1, 3 6.0 6.529 
H-4 5.79 5.544 
H-5(NH) 8.0 8.021 
H-5 (C6H5) 3׳׳׳ 7.25 7.286 
H-5 (C6H5),4׳׳׳ 6.94 7.186 
H-5 (C6H5) 5׳׳׳ 7.12 7.186 
H-5 (C6H5) 6׳׳׳ 7.58 7.571 
H-6(CH3) 1.71 2.195 
H-3׳ 6.1 6.035 
H-4׳ 6.2 6.035 
H-3׳׳ 8.26 8.246 
H-5׳׳ 7.72 7.757 
H-6׳׳ 7.68 7.544 
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Aromatization 
The aromatized compounds were also characterized through their analytical data (available). The 
comparison of calculated and observed data is as under: 
4.9.5 Comparison of 1H-NMR and 13C-NMR spectral data of 5-Acetyl-4-(5׳-(2׳׳-chloro-5׳׳-
nitro phenyl) furan-2׳-yl)-6-methylpyrimidin-2(1H)-one: (189) 
N
H
N
O
OH3C
O
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4' 5'
2''
3'' 4''
5''
6''
H3C
Cl NO2
 
Calculated 13C-NMR and 1H-NMR of compound (189) was also compared with their observed 
values. Detail is as under in table 34: 
Table 34: Experimental v/s calculated 1H-NMR and 13C-NMR chemical shifts of 5-Acetyl-
4-(5׳-(2׳׳-chloro-5׳׳-nitro phenyl) furan-2׳-yl)-6-methylpyrimidin-2(1H)-one: (189) 
H Calc.  Exp. C Calc. Exp. 
H-1 8.0 8.399 C-2 156.3 150.982 
5-CH3 2.30 2.490 C-4 164.6 169.679 
6-CH3 1.71 2.402 C-5 104 105.459 
3׳(4׳) 6.3 6.221 C-5(C=O) 198.7 196.930 
H-3׳׳ 7.59 7.554 C-5(CH3) 26.5 26.029 
H-4׳׳ 8.09 7.895 C-6 156.1 150.982 
H-6׳׳ 8.35 8.338 C-6(CH3) 15.0 19.910 
   C-2׳ 142 146.968 
   C-3׳ 104.6 105.459 
   C-4׳ 107.2 117.065 
   C-5׳ 154.0 150.982 
   C-1׳׳ 137.8 139.452 
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   C-2׳׳ 138.4 139.452 
   C-3׳׳ 130.3 129.781 
   C-4׳׳ 122.5 122.681 
   C-5׳׳ 147.0 148.264 
   C-6׳׳ 123.5 123.003 
 
4.9.6 Comparison of 1H-NMR and 13C-NMR spectral data of 4-(5׳-(2׳׳, 4׳׳-Dichloro phenyl) 
furan-2׳-yl)-5, 6-dimethylpyrimidin-2(1H)-one: (190) 
N
H
N
O
O
H3C
H3C
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Cl
Cl
 
The observed chemical shift values of 1H-NMR and 13C-NMR spectra were compared with the 
calculated values and found very close, the detail is as follows: table 35  
Table 35- Experimental v/s calculated 1H-NMR and 13C-NMR chemical shifts of 4-(5׳-(2׳׳, 
4׳׳-Dichlorophenyl) furan-2׳-yl)-5, 6-dimethylpyrimidin-2(1H)-one: (190) 
H Calc.  Exp. C Calc. Exp. 
H-1 8.0 8.021 C-2 156.3 153.426 
H-5 (CH3) 1.71 1.690 C-4 164.6 155.662 
H-6(CH3) 1.71 1.886 C-5 100 107.718 
H-3׳(4׳) 6.3 8.021 C-5(CH3) 14.4 14.886 
H-3׳׳ 7.34 7.343 C-6 141.3 147.691 
H-5׳׳ 7.21 7.396 C-6(CH3) 15.2 14.781 
H-6׳׳ 7.36 7.396 C-2׳ 142 148.095 
   C-3׳ 104.6 107.923 
   C-4׳ 107.2 108.467 
   C-5׳ 154.0 152.731 
   C-1׳׳ 135.0 130.179 
   C-2׳׳ 133.7 129.562 
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   C-3׳׳ 130.9 129.330 
   C-4׳׳ 135.7 130.179 
   C-5׳׳ 127.5 127.814 
   C-6׳׳ 130.3 129.330 
 
4.9.7 Comparison of 1H-NMR and 13C-NMR spectral data of 6-Methyl-4-(5׳-arylfuran-2׳-
yl)-2-oxo-N-phenyl-1, 2-dihydropyrimidine-5-carboxamide: (191,193) 
N
H
N
O
OH3C
26
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O
N
H
R
 
The calculated chemical shift values of 1H-NMR spectra of compound (191) and (193) for both 
the NH protons (NH of urea moiety and of amide) was 8.0ppm and the observed values were in 
the range 8.860-10.403ppm. The protons of methyl group present at 6-position were calculated to 
appear at 1.71ppm while the observed value was in the range 2.076-2.385 ppm which is in close 
relevance to that of the calculated one.  
As far as the 13C-NMR values are concerned, the calculated value of C=O of urea moiety was 
156.3ppm and that of amide was 162.4ppm while the observed values of both of these group was 
found to appear in the range 164.97-165.455ppm. 
The detail of the comparison is given in the tables 36 and 37: 
Table 36- Experimental v/s calculated 1H-NMR chemical shifts of 4-(5׳-arylfuran-2׳-yl) 
furan-2׳-yl)-6-methyl-2-oxo-N-phenyl-1, 2-dihydropyrimidine-5-carboxamides: (191, 193) 
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Compound 
No. (R) 
191 
(R=4׳׳-nitro) 
193 
(R=4׳׳-Chloro) 
H Calc.  Exp. Calc. Exp. 
H-1 8.0 8.860 8.0 10.403 
5(NH) 8.0 8.860 8.0 10.403 
5(C6H5)H-2,6 7.64 7.596 7.64 7.669 
5(C6H5)H-3,5 7.24 7.275 7.24 7.376 
5(C6H5)H-4 7.00 7.025 7.00 7.193 
H-3׳ 6.3 6.416 6.3 6.326 
H-4׳ 6.3 6.416 6.3 6.326 
H-2׳׳, 6׳׳ 7.74 7.814 7.42 7.425 
H-3׳׳, 5׳׳ 8.25 8.197 7.33 7.376 
6(CH3) 1.71 2.076 1.71 2.385 
 
Table 37- Experimental v/s calculated 13C-NMR chemical shifts of 4-(5׳-arylfuran-2׳-yl) 
furan-2׳-yl)-6-methyl-2-oxo-N-phenyl-1, 2-dihydropyrimidine-5-carboxamides: (191, 193) 
Compound 
No. (R) 
191  
(R=4׳׳-nitro) 
193 
(R=4׳׳-Chloro) 
C Calc.  Exp. Calc. Exp. 
C-2 156.3 158.02 156.3 155.278 
C-4 164.6 164.97 164.6 165.455 
C-5 98 102.24 98  
C-5(C=O) 162.4 164.97 162.4 165.455 
C-5(C6H5) C-1׳׳׳ 135.9 139.27 135.9 139.701 
C-5(C6H5) C-
2׳׳׳,6׳׳׳ 
121.6 123.16 121.6 121.590 
C-5(C6H5) C-
3׳׳׳,5׳׳׳ 
129.0 128.55 129.0 128.927 
C-5(C6H5) C-4׳׳׳ 124.4 123.70 124.4 123.433 
C-6 157.2 158.02 157.2 155.278 
C-6 (CH3) 14.5 17.15 14.5 26.169 
C-2׳ 142 140.38 142 139.701 
C-3׳ 104.6 108.45 104.6 109.677 
C-4׳ 107.2 111.06 107.2 118.882 
C-5׳ 154.0 152.67 154.0 155.278 
C-1׳׳ 136.5 135.97 128.5 128.643 
C-2׳׳,6׳׳ 128.4 128.55 128.9 128.927 
C-3׳׳,5׳׳ 121.6 119.68 129.4 133.330 
C-4׳׳ 148.4 150.22 134.3 133.023 
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4.10 Dihydropyrimidine thiones 
For the synthesis of dihydropyrimidine derivatives thio urea is also used along with urea. The 
compounds synthesized via thio urea were also oxidized by the same procedure as described 
earlier. 
Dihydropyrimidine thiones that have been synthesized in the present work were also compared 
with their theoretical data. The detail is as under: 
4.10.1 Comparison of 13C-NMR spectral data of 1-(6-Methyl-4-phenyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidin-5-yl)ethanone: (194) 
N
H
NH
SH3C
H3C
O
26
345
 
The observed 13C-NMR chemical shift values of the compound (194) were compared with their 
calculated one and it was found that the C=S was calculated to appear at 174.5ppm and the 
observed value of this carbon was found to appear at 174.06ppm which is very close to the 
calculated value. The C=O present in acetyl group at C-5 was calculated to appear at 196.5ppm 
and found at 194.73ppm. A detail comparison of all the carbons is described in table 36: 
Table 38: Experimental v/s calculated 13C-NMR chemical shifts of 1-(6-Methyl-4-phenyl-2-
thioxo-1, 2, 3, 4-tetrahydropyrimidin-5-yl)ethanone: (194) 
C Calc. Exp. 
C-2 174.5 174.06 
C-4 52.8 53.74 
 C-4(C6H5) C-1  143.2 142.88 
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C-4(C6H5) C-2, 6 127.0 127.64 
C-4(C6H5) C-3, 5 128.6 128.59 
C-4(C6H5) C-4 126.8 126.51 
C-5 104.6 110.43 
C-5(C=O) 196.5 194.73 
C-5(CH3) 27.0 30.36 
C-6 158.0 144.49 
C-6(CH3) 15.7 18.20 
 
4.10.2 Comparison of 1H-NMR and 13C-NMR spectral data of 4-(5׳-(2׳׳-Chloro-4׳׳-
nitrophenyl) furan-2׳-yl)-5, 6-dimethyl-3, 4-dihydropyrimidine-2(1H)-thione: (200) 
N
H
NH
O
S
H3C
H3C
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Cl
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When the 1H-NMR data of compound (200) was compared (Calculated and experimental values) 
it was found that the calculated value of NH protons was found to appear at 2.0ppm while the 
observed value was 2.170ppm, which is very close to the calculated value. The methyl protons 
present at 5 and 6-position of the molecule were calculated to appear at 1.71ppm and observed at 
1.163ppm. The detail of the comparison of the 1H-NMR values is given in table 39. 
13C-NMR calculated value of the C=S was found to appear at 174.5ppm and observed at 
170.9ppm, also the calculated values of the methyl carbons present at 5- and 6-position were 
found at 6.1ppm and 15.3ppm respectively while the observed values are 12.18ppm and 
14.49ppm respectively. The detail is given in following table 39. 
477 
 
Table 39: Experimental v/s calculated 13C-NMR chemical shifts of 4-(5׳-(2׳׳-Chloro-4׳׳-
nitrophenyl) furan-2׳-yl)-5, 6-dimethyl-3, 4-dihydropyrimidine-2(1H)-thione: (200) 
H Calc. Exp. C Calc. Exp. 
2NH 2.0 2.170 C=S 174.5 170.9 
H-4 4.82 4.887 C-4 63.2 52.57 
H-5(CH3) 1.71 1.763 C-5 108.3 109.34 
H-6(CH3) 1.71 1.163 C-5(CH3) 6.1 12.88 
H-3׳ 6.1 6.470 C-6 137.9 128.40 
H-4׳ 6.2 6.470 C-6(CH3) 15.3 14.29 
H-3׳׳ 8.26 8.267 C-2׳ 151.5 140.0 
H-5׳׳ 8.13 8.157 C-3׳ 101.8 101.59 
H-6׳׳ 7.68 7.642 C-4׳ 107.9 109.34 
   C-5׳ 152.2 140.0 
   C-1׳׳ 143.0 140.0 
   C-2׳׳ 133.2 128.40 
   C-3׳׳ 124.5 125.30 
   C-4׳׳ 149.8 140.0 
   C-5׳׳ 119.7 118.49 
   C-6׳׳ 129.8 128.40 
 
4.10.3 Comparison of 1H-NMR and 13C-NMR spectral data of 6-Methyl-4-(5׳-(4׳׳-
nitrophenyl) furan-2׳-yl)-N-phenyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxamide: (202) 
N
H
NH
O
SH3C
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The comparison of 1H-NMR and 13C-NMR chemical shift calculated and observed values of 
compound (202) are given in table 38. As far as the 1H-NMR values are concerned the 2NH 
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protons of the molecule were calculated to appear at 2.0ppm and the observed values are at 
2.491ppm and the NH of amide was calculated to appear at 8.0ppm while the observed value is 
at 10.176ppm.  
The calculated 13C-NMR value of C=S and C=O was 174.5ppm and 163.1ppm respectively 
while these two carbons were observed at 174.93ppm and 164.52ppm respectively. 
Table 40: Experimental v/s calculated 13C-NMR chemical shifts of 6-Methyl-4-(5׳-(4׳׳-
nitrophenyl) furan-2׳-yl)-N-phenyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxamide: (202) 
H Calc. Exp. C Calc. Exp. 
2NH 2.0 2.491 C=S 174.5 174.93 
H-4 4.82 3.320 C-4 56.7 49.02 
C-5(NH) 8.0 10.176 C-5 106.4 104.10 
C-5(C6H5) H-
2, 6 
7.64 7.694 C-5 (C=O) 163.1 164.52 
C-5(C6H5) H-
3, 5 
7.24 7.282 C-5(C6H5) 
C-1 
135.9 135.81 
C-5(C6H5) H-
4 
7.00 7.013 C-5(C6H5) 
C-2,6 
121.6 119.73 
C-6 (CH3) 1.71 2.112 C-5(C6H5) 
C-3, 5 
129.0 128.76 
H-3׳ 6.1 5.537 C-5(C6H5) 
C-4 
124.4 123.99 
H-4׳ 6.2 6.454 C-6 159.1 156.48 
H-2׳׳,6׳׳ 7.74 7.828 C-6 (CH3) 14.6 16.59 
H-3׳׳,5׳׳ 8.25 8.228 C-2׳ 151.5 150.50 
   C-3׳ 101.8 104.10 
   C-4׳ 107.9 109.24 
   C-5׳ 152.2 150.50 
   C-1׳׳ 136.5 137.36 
   C-2׳׳,6׳׳ 128.4 128.57 
   C-3׳׳,5׳׳ 121.6 119.90 
   C-4׳׳ 148.4 145.89 
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4.10.4 Comparison of 1H-NMR and 13C-NMR spectral data of N-(4-chlorophenyl)-4-(5׳-(2׳׳, 
4׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxamide: (205) 
N
H
NH
O
SH3C
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Cl
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Cl
 
The comparison of 1H-NMR and 13C-NMR of compound (205) is as follows in table 41: 
Table 41: Experimental v/s calculated 13C-NMR chemical shifts of N-(4-chlorophenyl)-4-
(5׳-(2׳׳, 4׳׳-dichlorophenyl) furan-2׳-yl)-6-methyl-2-thioxo-1, 2, 3, 4-tetrahydropyrimidine-
5-carboxamide: (205) 
H Calc. Exp. C Calc. Exp. 
2NH 2.0 2.099 C=S 174.5 174.964 
H-4 4.82 5.525 C-4 56.7 48.828 
C-5(NH) 8.0 10.196 C-5 106.4 108.433 
C-5(C6H5) H-
2, 6 
7.58 7.618 C-5 (C=O) 163.1 164.565 
C-5(C6H5) H-
3, 5 
7.25 7.084 C-5(C6H5) 
C-1 
134.0 132.330 
C-6 (CH3) 1.71 2.490 C-5(C6H5) 
C-2,6 
123.0 121.212 
H-3׳ 6.1 6.404 C-5(C6H5) 
C-3, 5 
129.1 129.601 
H-4׳ 6.2 6.404 C-5(C6H5) 
C-4 
129.9 129.601 
H-3׳׳ 7.34 7.351 C-6 159.1 154.737 
H-5׳׳ 7.21 7.084 C-6 (CH3) 14.6 16.597 
H-6׳׳ 7.36 7.336 C-2׳ 151.5 154.737 
   C-3׳ 101.8 108.433 
   C-4׳ 107.9 108.433 
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   C-5׳ 152.2 154.737 
   C-1׳׳ 135.0 137.825 
   C-2׳׳ 133.7 132.330 
   C-3׳׳ 130.9 130.137 
   C-4׳׳ 135.7 137.825 
   C-5׳׳ 127.5 127.573 
   C-6׳׳ 130.3 130.137 
 
 
4.11 Conclusion: 
From the comparison of the calculated and the observed values for the NMR of various 
dihydropyrimidines; dihydropyridines and their corresponding aromatized analogues as 
presented in various tables above it becomes evident that the values are fairly within the range 
expected. Since allowance has to be given for the solvent, instrument and other practical aspects. 
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In recent years a significant attention is given to the synthesis of dihydropyridines because of 
their remarkable biological and pharmaceutical activities. 1, 4-dihrydropyrimidines as analogues 
of NADH coenzyme and other related derivatives are extensively used as calcium channel 
blockers for the treatment of many diseases like cardiovascular disorder including hypertension, 
angina and cardiac arrhythmias. Some derivatives of dihydropyridines are available 
commercially for the treatment of hypertension such as nifedipine (220), amlodipine (221), 
felodipine (222) and nicardipine (223)144. 
Cl
N
H
CH3
COOCH3C2H5OOC
H3C
Cl
N
H
CH3
COOCH3C2H5OOC
H2NH2CH2COH2C
NO2
N
H
CH3
COOCH3H3COOC
H3C
Cl
N
H
CH3
COOCH2CH2NH3COOC
H3C
NO2
CH3
C6H5
220 221
222 223
 
Furthermore it was reported that this class of compounds is having the biological properties like 
anti-inflammatory, antiulcer, anticonvulsant, antitubercular and antimicrobial114. A recent study 
on dihydropyridines showed that the compound 224 and its derivatives were identified as a new 
class of antioxidants and it was predicted that these compounds could serve as a lead molecule in 
the development of new antioxidants with therapeutic potential145. 
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R2
R1
N
H
NC
CN
NC
CH3
R1
R2
224
 
 
R1=H, OH, OMe, Br, F  
R2=H, OMe, OH, F, Cl. Br,I 
 
Synthesis of pyridine derivative by the aromatization of dihydropyridines is also a subject of 
keen interest and is still under investigation. A recent study revealed that the aromatized form of 
some 1, 4-DHP ( Fig 225 ) showed the cytotoxic activity against breast cancer146.  
ON
O O
R
225
 
R=CH3, OCH3, Cl, NO2, Br, H 
The oxidation of 1, 4-DHPs to the corresponding pyridine derivatives constitutes the principal 
metabolic route in biological systems as well as a facile access to the corresponding pyridine 
derivatives which show anti-hypoxic and anti-ischemic activities129. 
So the 1, 4-DHPs and their oxidized derivatives belong to such very significant class of 
heterocyclic systems, owing to their potent antihypertensive activity and other biological 
properties. These compounds generally undergo oxidative metabolism in the liver by the action 
of cytochrome p-450 to form the corresponding pyridine derivatives. In relation to this oxidative 
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event to the biological NADH redox process, this transformation has attracted the attention of 
several research groups147, and this conversion is still under investigation. 
Dihydropyrimidines: 
DHPM derivatives show a wide variety of biological and pharmacological properties such as 
antiviral, antimitotic, anticarcinogenic, antihypertensive and as calcium channel modulators. 
Moreover the biological activity of the potent HIV gp-120-CD4 inhibitor Batzelladine 226 had 
also been attributed to the DHPM moiety77.  
N
H
N
N
H
HH
(CH2)6CH3H3C
O
O
(CH2)6
NHN
NH
OO
H
N
NH2
H2N
226
 
Recent studies evidenced that compound 227 showed the antibacterial and antifungal properties 
compared to standard drugs148. 
NH
X
N
NH
Y
R2
R3
O
R1
R4
227
 
Where X=O, S 
Y=O, S 
R1=H, CH3, OCH3, Cl 
R2=H, CH3, OCH3 
R3=H, CH3 
R4=H, Ph 
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The structurally rather simpler DHMP monastrol 228 specifically inhibits the mitotic kinesin Eg5 
motor protein and can be considered as a new lead for the development of anticancer drugs42. 
N
H
NH
HO
S
O
OH3C
H3C
228
 
Owing to the immense therapeutic and medicinal significance of dihydropyrimidines the 
reinvestigation is of prime importance. 
Pyrimidines: 
As pyrimidine is a basic nucleus in DNA & RNA, it has been found to be associated with diverse 
biological activities. Pyrimidines and their derivatives are considered to be important for drugs 
and agricultural chemicals. Pyrimidine derivatives possess several interesting biological 
activities such as antimicrobial, antitumour and antifungal activities. Many Pyrimidine 
derivatives are used for thyroid drugs and leukemia149. 
In view of these diverse type of biological activities exhibited by DHP and Dihydropyimidinones 
(and thiones), it seems logical to conduct biological screening for the new compounds prepared 
during the course of the present work. Taking advantage of the feasibility of the various ongoing 
tests carried out at The Islamia University Biochemistry/Biotechnology Departments these were 
submitted for the purpose. The preliminary findings are presented here. 
Acetylcholinesterase and Butyrylcholinesterase Activity 
Acetylcholinesterase (AChE, EC 3.1.1.7) and butyrylcholinesterase (BChE, EC 3.1.1.8) consist 
of an enzymes family which includes serine hydrolases. The diverse specificities for the 
substrates and inhibitors for these enzymes are due to the dissimilarity in amino acid remains of 
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the active sites of AChE and BChE. Actually the system of enzyme is responsible for the 
termination of acetylcholine at cholinergic synapses. These are key components of cholinergic 
brain synapses and neuromuscular junctions. The central function of AChE and BChE is to 
catalyze the hydrolysis of the neurotransmitter acetylcholine and termination of the nerve 
impulse in cholinergic synapses (Cygler et al., 1993 and Tougu, 2001). It has been found that 
BChE is present in appreciably higher quantity in Alzheimer's plaques than in the normal age 
linked dementia of brains. H1 and H2 receptor antagonists possess AChE inhibitory activities. 
Cholinesterase inhibitors raise the quantity of acetylcholine available for neuronal and 
neuromuscular transmission through their ability to reversibly or irreversibly. Hence, the search 
for new cholinesterase inhibitors is considered an important and ongoing strategy to introduce 
new drug candidates for the treatment of Alzheimer’s disease and other related diseases 
(Bertaccini 1982 and Gauthier 2001). 
Acetylcholinesterase Assay 
The activity of AChE inhibition was carried out according to the process (Ellman et al., 1961) 
with slight alteration.Total volume of the reaction mixture was 100 µL. It contained 60 µL 
Na2HPO4 buffer with concentration of 50 mM (Aziz-ur-Rehman et al. Pak. J. Pharm. Sci., 
Vol.26, No.2, March 2013, pp.345-352) and pH 7.7. Ten µL test compound (0.5 mM well-1) was 
added, followed by the addition of 10 µL (0.005 unitwell-1) enzyme. The contents were mixed 
and pre-read at 405 nm. Then contents were pre-incubated for 10 min at 37ºC. The reaction was 
initiated by the addition of 10 µL of 0.5 mM well-1 substrate (acetylthiocholine iodide), followed 
by the addition of 10 µL DTNB (0.5 mM well-1). After 15 min of incubation at 37ºC absorbance 
was measured at 405 nm using 96-well plate reader Synergy HT, Biotek, USA. All experiments 
were carried out with their respective controls in triplicate. Eserine (0.5 mM well-1) was used as a 
2 
 
positive control. The percent inhibition was calculated by the help of following equation. IC50 
values were calculated using EZ–Fit Enzyme kinetics software (Perrella Scientific Inc. Amherst, 
USA). 
100
Control
Test-Control
  Inhibition Percentage ×=  
Butyrylcholinesterase Assay 
The BChE inhibition activity was performed according to the method (Ellman et al., 1961) with 
slight modifications. Total volume of the reaction mixture was 100 µL containing 60 µL,      
Na2HPO4 buffer, 50 mM and pH 7.7. Ten µL test compound 0.5 mM well-1 was added followed 
by the addition of 10 µL (0.5 unit well-1) BChE (Sigma Inc.). The contents were mixed and pre-
read at 405 nm and then pre-incubated for 10 min at 37ºC. The reaction was initiated by the 
addition of 10 µL of 0.5 mM well-1 substrate (butyrylthiocholine chloride). Followed by the 
addition of 10 µL DTNB, 0.5 mM well-1. After 15 min of incubation at 37ºC, absorbance was 
measured at 405 nm using 96-well plate reader Synergy HT, Biotek, USA. All experiments were 
carried out with their respective controls in triplicate. Eserine (0.5 mM well-1) was used as 
positive control. The percent inhibition was calculated by the help of following equation. IC50 
values were calculated using EZ–Fit Enzyme kinetics software (Perrella Scientific Inc. Amherst, 
USA).
 Acetylcholinesterase activity of Dihydropyridines 
Table No. 42 shows the results of cholinesterase activity of Dihydropyridines which were 
subjected for MIC50 value. Compound 125 showed MIC50 value lower than the standard 
(Eserine).  While compounds 123, 126 and 113 showed comparable acetylcholinsterase activity 
having MIC50 values 23.45±0.06, 29.87±0.09 and 15.91±0.05 respectively. Structure relationship 
studies of this series showed that the presence of phenyl group and 2 and 6 position of 
dihydropyridine ring increase the activity of these compounds. While Butyrylcholinesterase 
activity has been shown by the compounds which have methyl group at C-2 and C-6 of the 
dihdropyridine ring. 
Table No. 42 Acetylcholinesterase activity of Dihydropyridines 
Compound 
No. 
Structure Inhibition (%) 
at 0.5 mM for 
AChE 
IC50    (µM) Inhibition 
(%) at 0.5 
mM for 
BChE 
IC50    (µM) 
111 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
 
75.89±0.23 62.81±0.12 29.44±0.27 - 
113 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
Cl
 
87.15±0.17 15.91±0.05 83.45±0.13 17.16±0.02 
114 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
 
81.45±0.16 22.62±0.07 77.39±0.11 29.93±0.06 
 116 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
Cl
 
85.09±0.12 11.93±0.05 76.59±0.15 46.27±0.08 
122 
N
H
NO2
OH3C O CH3
O O
 
75.29±0.23 47.52±0.18 30.37±0.18 - 
123 
N
H
O
ClCl
O
O
H3C O CH3
O
 
81.45±0.14 23.45±0.06 34.62±0.18 - 
125 
N
H
O
Br
O
OH3C O CH3
O
 
95.35±0.11 0.21±0.003 75.35±0.25 74.18±0.17 
126 
N
H
O
NO2
O CH3
OO
OH3C
 
81.25±0.15 29.87±0.09 19.32±0.29 - 
127 
N
H
O
H3C
Cl
CH3
COCH3H3COC
 
72.56±0.24 76.14±0.16 48.07±0.14 - 
 128 
N
H
O
H3C CH3
COCH3H3COC
NO2Cl
 
77.87±0.16 43.26±0.02 47.91±0.13 - 
131 
N
H
O
H3C CH3
COCH3H3COC
O2N
 
62.77±0.36 132.93±0.25 27.63±0.11 - 
132 
N
H
O
H3C CH3
COCH3H3COC
NO2
 
77.34±0.11 33.27±0.04 56.25±0.21 231.6±0.12 
133 
N
H
H3C
O
O2N
CH3
N
H
N
H
OO
 
63.84±0.37 147.14±0.12 34.21±0.19 - 
134 
N
H
H3C
O
Br
CH3
O
HNO
N
H
 
83.23±0.23 29.38±0.11 27.91±0.15 - 
139 
N
H
H3C
O
O
HNCl
CH3
O
N
H
Cl
O2N
 
74.51±0.29 64.73±0.11 55.36±0.27 241.74±0.17 
146 
N
H
NH2H3C
H3COC CN
 
77.35±0.28 48.33±0.06 44.15±0.19 - 
 Standard Eserine  82.82±1.09 0.85±0.0001 91.29±1.17 0.04±0.0001 
 
Acetylcholinesterase activity of Dihydropyrimidines 
Table No. 43 shows the results of cholinesterase activity of Dihydropyrimidines which were 
subjected for MIC50 value. Compound 179 showed comparable acetylcholinsterase activity 
having MIC50 values 8.31±0.09 with standard value 0.85±0.0001 of Eserine. Structure 
relationship studies of this series showed that the position of chloro (2, 4 and5) and nitro group 
(2 and 4) on the aryl substituent of dihydropyrimidines affect the activity value. 
TableNo.43  Acetylcholinesterase activity of Dihydropyrimidines 
Compound 
No. 
Structure and thesis code Inhibition (%) 
at 0.5 mM for 
AChE 
IC50    (µM) Inhibition (%) 
at 0.5 mM for 
BChE 
IC50    (µM) 
172 
O
N
H
NH
O
H3COC
H3C
Cl
NO2
 
66.61±0.39 196.41±0.23 28.61±0.17 - 
179 
N
H
NH
H3C O
HN
O
O
Cl
NO2Cl
 
88.56±0.15 8.31±0.09 23.33±0.22 - 
180 
N
H
NH
H3C O
HN
O
O
Cl
Cl
O2N
 
75.45±0.17 45.97±0.06 56.78±0.26 278.5±0.13 
Standard Eserine 82.82±1.09 0.85±0.0001 91.29±1.17 0.04±0.0001 
 
Acetylcholinesterase activity of Pyridines 
 Table No. 44 showed the results of cholinesterase activity of pyridines which were subjected for 
MIC50 value. Compound 151 showed comparable acetylcholinsterase activity having MIC50 
values 9.26±0.08 with standard value 0.85±0.0001 of Eserine. Structure relationship studies of 
this series showed that the presence of phenyl substituent on the pyridine ring and presence of 
electron withdrawing group on the aryl group affect the activity value. 
Table No. 44 Acetylcholinesterase activity of Pyridines 
Compound 
No. 
Structure Inhibition 
(%) at 0.5 
mM for 
AChE 
IC50    (µM) Inhibition 
(%) at 0.5 
mM for 
BChE 
IC50    (µM) 
147 
N
O
Cl
O CH3
O
OH3C
O
 
79.81±0.12 23.15±0.06 25.93±0.18 - 
151 
N
O
C6H5C6H5
Cl
NO2
 
90.15±0.11 9.26±0.08 88.46±0.17 16.97±0.04 
152 
N
O
CH3H3C
Cl
Cl
O
O
CH3OH3C
O
 
72.65±0.21 89.16±0.11 85.23±0.15 22.91±0.03 
 158 
N
O
Cl
Cl
O CH3OH3C
O O
 
74.25±0.32 98.18±0.13 20.91±0.19 - 
Standard Eserine 82.82±1.09 0.85±0.0001 91.29±1.17 0.04±0.0001 
 
Acetylcholinesterase activity of Pyrimidines 
Table No.45 showed the results of cholinesterase activity of pyrimidines which were subjected 
for MIC50 value. Compound 193 showed significent acetylcholinsterase activity having MIC50 
values 19.62±0.08 with standard value 0.85±0.0001 of Eserine. Structure relationship studies of 
this series showed that the presence of chloro group on the aryl substituent of pyrimidine ring 
affect the activity value while replacement of this by nitro group showed a considerable decrease 
in the activity value. 
 
 
Table no. 45 Acetylcholinesterase activity of Pyrimidines 
Compound 
No. 
Structure Inhibition 
(%) at 0.5 
mM for 
AChE 
IC50    (µM) Inhibition 
(%) at 0.5 
mM for 
BChE 
IC50    (µM) 
187 
N
H
N
C6H5
H3COC
H3C O
 
- - 45.55±0.28 - 
 191 
N
H
N
H3C
O
O
O2N
N
H
O
 
79.55±0.18 38.32±0.05 53.36±0.27 421.52±0.15 
193 
N
H
N
H3C
O
Cl
O
O
N
H
 
83.45±0.14 19.62±0.08 78.77±0.14 48.23±0.06 
Standard Eserine 82.82±1.09 0.85±0.0001 91.29±1.17 0.04±0.0001 
 
Cholinesterase activity of Thiodihydropyrimidines and thiopyrimidines 
Table No.46 showed the results of cholinesterase activity of pyrimidines which were subjected 
for MIC50 value. Compound 213 showed lower acetylcholinsterase activity than standard having 
MIC50 values 0.51±0.004. Structure relationship studies of this series showed that the presence of 
two chloro group on the aryl substituent of thiopyrimidine ring affect the activity value while 
replacement of one of the chloro by nitro group showed a considerable decrease in the activity 
value. 
Table No. 46  Acetylcholinesterase activity of Thiodihydro pyrimidines and 
thiopyrimidines 
Compound 
No. 
Structure and thesis code Inhibition 
(%) at 0.5 
mM for 
AChE 
IC50    (µM) Inhibition 
(%) at 0.5 
mM for 
BChE 
IC50    (µM) 
195 
N
H
NH
H3C S
O
O2N
Cl
H3COC
 
78.45±0.17 45.71±0.09 59.44±0.38 381.62±0.25 
 197 
N
H
NH
C6H5 S
O
Cl
O2N
O
O
H3C
 
76.35±0.28 87.21±0.15 55.82±0.37 395.16±0.21 
198 
N
H
NH
C6H5 S
O
NO2
 
80.24±0.14 23.92±0.08 25.27±0.16 - 
199 
N
H
NH
C6H5 S
O
Cl
 
71.09±0.26 68.62±0.16 33.42±0.17 - 
213 
N
H
N
C6H5 S
O
Cl
Cl
 
92.55±0.11 0.51±0.004 61.63±0.25 192.35±0.14 
Standard Eserine 82.82±1.09 0.85±0.0001 91.29±1.17 0.04±0.0001 
 
 
 
DPPH scavenging activity of 1, 4-dihydropyridines: 
Table 47 showed the results of DPPH scavenging activity of 1,4-dihydropyridines: 
Table 47 DPPH scavenging activity of 1, 4-dihydropyridines: 
 
Compound 
No. 
Structure Percentage 
inhibition at 
0.5 mM 
IC50(µM) 
 111 
N
O
COOC2H5
CH3H3C
C2H5OOC
H
NO2
 
34.75±0.12 - 
125 
N
H
O
Br
O
OH3C O CH3
O
 
34.43±0.17 - 
126 
N
H
O
NO2
O CH3
OO
OH3C
 
11.87±0.19 - 
128 
N
H
O
H3C CH3
COCH3H3COC
NO2Cl
 
26.63±0.11 - 
132 
N
H
O
H3C CH3
COCH3H3COC
NO2
 
11.15±0.15 - 
133 
N
H
H3C
O
O2N
CH3
N
H
N
H
OO
 
32.16±0.11 - 
 139 
N
H
H3C
O
O
HNCl
CH3
O
N
H
Cl
Cl
O2N
 
16.97±0.11 - 
146 
N
H
NH2H3C
H3COC CN
146
 
24.51±0.16 - 
 
Table 48 DPPH scavenging activity of pyridines: 
Compound 
No. 
Structure and thesis code Percentage inhibition at 
0.5 mM 
IC50(µM) 
151 
N
O
C6H5C6H5
Cl
NO2
 
35.76±0.16 - 
152 
N
O
CH3H3C
Cl
Cl
O
O
CH3OH3C
O
 
21.34±0.18 - 
155 
N
O
Cl
Cl
O CH3OH3C
O O
 
46.45±0.27 - 
 164 
N
O
Br
CH3
C6H5HNOC CONHC6H5
H3C
 
24.45±0.16 - 
 
Table 49 DPPH scavenging activity of dihydropyrimidines: 
Compound 
No. 
Structure and thesis code Percentage 
inhibition 
at 0.5 mM 
IC50(µM) 
171 
N
H
NH
H3COC
H3C O
O
Cl
Cl
 
19.78±0.17 - 
172 
O
N
H
NH
O
H3COC
H3C
Cl
NO2
 
15.32±0.23 - 
174 
N
H
NH
H3C
O
O
Cl
Cl
N
H
O
 
11.76±0.15 - 
 179 
N
H
NH
H3C O
HN
O
O
Cl
NO2Cl
 
39.12±0.25 - 
180 
N
H
NH
H3C O
HN
O
O
Cl
Cl
O2N
 
37.76±0.17 - 
Table No.50 DPPH scavenging activity of pyrimidines: 
Compound 
No. 
Structure Percentage 
inhibition 
at 0.5 mM 
IC50(µM) 
187 
N
H
N
C6H5
H3COC
H3C O
 
15.44±0.11 - 
191 
N
H
N
H3C
O
O
O2N
N
H
O
 
12.61±0.13 - 
 
 
Table No.51 DPPH scavenging activity of thiodihydropyrimidines and thiopyrimidines: 
Compound 
No. 
Structure Percentage 
 inhibition at 
0.5 mM 
IC50(µM) 
 195 
N
H
NH
H3C S
O
O2N
Cl
H3COC
 
25.98±0.16 IC50(µM) 
198 
N
H
NH
C6H5 S
O
NO2
 
35.65±0.12  
199 
N
H
NH
C6H5 S
O
Cl
 
15.83±0.16 - 
209 
N
H
NH
H3C S
HN
O
O
Cl
NO2Cl
 
32.89±0.17 - 
213 
N
H
N
C6H5 S
O
Cl
Cl
 
23.43±0.12 - 
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